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PROCEEDI NGS

MS. PAINTER: Hell o, everybody, and
t hank you so nuch for joining this tws-day workshop on
Nitrosam nes as Inpurities in Drugs. Before we get
started with Day 1, we did want to just go over sone
house rules, just things to keep in mnd as we go
t hrough this workshop.

For those who are not speaking, please
be sure to keep your phone or conputer audio on nute.
Al'l attendees will be nuted, and only the panelists
who wi || be speaking in today's discussion will have
the ability to unnute.

As far as using the video feature, only
the panelists that will be engaging in today's
di scussions will have their video features turned on.
So, if you are not speaking, please be sure to have
your video feature turned off. And regarding
questions and di scussions during today's workshop,
pl ease utilize the QA to submt any questions that
you' d like to have answered during today's workshop
using the QA feature. You may not automatically

receive a response fromus, but we do have a team of
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noderators review ng the questions, and then they w ||
be subm tted and addressed as tinme allows during this
wor kshop.

If you are a panelist who will be
speaki ng, please check your chat feature as the host
w |l be pronpting you when it is time for you to
present.

And last, | just wanted to |et
everybody know that this workshop today and tonorrow
will be recorded, and the slides will be made
avai |l abl e on the FDA webpage after this workshop.

Thank you.

DR. ATRAKCHI: Can everybody hear nme?

MS. PAINTER  Yes, we can.

DR. ATRAKCHI : Thank you. Good
nor ni ng, good afternoon, and good evening. M nane is
Ai sar Atrakchi. | am a pharmacol ogy/toxi col ogy
supervisor in the D vision of Psychiatry, Ofice of
Neuroscience in the Center for Drug Eval uation and
Research, CDER. | am a nenmber of the CDER N trosam ne
Task Force and one of the organizers of this workshop,

as well as the Moderator.
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| would like to welcone all of you to
this workshop on Nitrosam ne as Inpurities in Drugs.
There are over 3,500 registrants for this workshop.

Over the past 2-1/2 years since the
detection of nitrosam nes in nedicines, both the
regul ators and the pharmaceutical industry have been
chal l enged with the many aspects of this public safety
i ncident. There is a discontinuity in our know edge
of nitrosam nes since nost of the research and science
was conducted 50 years ago. In order to make the best
scientifically-based decisions on the safety and risk
assessnent and mtigation, we have gathered the nost
gqualified nationally and internationally recognized
scientists and researchers in this field to informus
of previous foundational know edge and the current
state of the art practices.

We have prepared a nunber of critical
questions for the panelists to discuss and answer over
the next two days. Before we begin the presentations,
| would like to rem nd everyone this is a scientific
wor kshop. No policy or regulatory coments wll be

di scussed. So, please limt your questions to the
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science and to the discussions. You may send a
clarifying question as just nmentioned to you or
comment to the chat box or the Q&A box, and we w |
attenpt to answer as many as possi ble during the
di scussion of the particular question or at the end of
t he day. However, please note that the objectives of
this workshop are for the experts to discuss and
del i berate on the questions the Agency has provided to
t hem

Wt hout further delay, we begin wth
the first presentation by Professor Gerhard Ei senbrand
to give us an overview on the Chem stry and the
Toxicity of Nitrosam nes to set the stage.

This will be followed by a presentation
by nmy colleague Dr. Sruthi King, who will provide the
background on the Nitrosam ne Contam nation |ncident
in Drugs that was identified in June of 2018.

Bi ographies of all of the panelists
have been posted on the FDA website for your
i nformation, and as also nentioned earlier, this
wor kshop will be recorded and will be avail abl e soon

after the workshop.
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And with that, please, we will begin
with Dr. Eisenbrand. Thank you.

DR. ElI SENBRAND: Thank you very nuch,
Dr. Atrakchi. And | may start with stating that ny
presentation reflects ny personal views as a retired
professor of fruit chem stry and toxicology, and | may
admt it may be perhaps be biased a bit by ny
scientific experience in the history of field of
N-Ni troso chem stry and biology for the |last 50 years
or so. So, for some tinme the subject has been thought
to be adequately explored or for sonme people, even
over-expl ored, but | nyself never shared this opinion,
mai nly because there are definitely know edge gaps,
especially with respect to the problemof in-vivo
N-ni trosati on.

Now it has resurfaced as a consequence
of discovering seem ngly unexpected drug contamn nation
originating fromchanges in a production process
I ntroduced wi t hout awareness of the risk to generate
nitrosam ne contam nation. This exenplifies the need
of adequate safety checks of processes based on

scientific knowhow. Now, after realizing that this
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appears to be quite a general problem we are faced
with increasing conplexity with respect to the
potential causes. There is another point. And as |
will outline, the second field of conplexity is
connected to the fact that human physi ol ogy provides
anpl e potential for endogenous formation of nitroso
conpounds. And this needs to be evaluated as well
when assessing respective health risks occasionally
associated with APlIs carrying the risk to becone
nitrosated.

Now, could |I get the next slide please?
This slide just shows the discovery, history, and
earlier research. There have been acute intoxication
reports, several. The first one was by Freund who
described clinical manifestations and studi es of acute
human i ntoxi cation resulting in parenchymatous
hepatitis, and this was later on alnobst -- or even
much | ater then it was again taken up. And toxic
properties of dinmethylnitrosam ne were descri bed
because di net hyl nitrosam ne had been proposed at that
time as an industrial solvent. So, it turned out for

those two, Dr. Barnes and Magee that the intoxication
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synptons, rescinded to sone extent intoxication wth
pyrrolizidine alkaloids fromwhich it was known
al ready that these were hepatocarcinogens. So, it was
very |l ogical to see whether nitrosodi nethylam ne m ght
al so be a hepatic carcinogen or a carcinogen al
together, and this was nore or |ess against the
current views at that tinme because this was a very
wel | water-soluble and very | ow nol ecul ar wei ght
conmpound contrary to all the other known carci nogens
| i ke polycyclic aromati c hydrocarbons and so on.

But to cut a long story very short,
this indeed has been shown to be the case, and this
| ater was repeated by a German group, and these
authors also tested the next anal og, that was
di met hyl nitrosam ne, showed that it even was nore
carcinogenic. And then within a relatively short
time, the group of Peter Magee showed t hat
di met hyl ni trosam ne was a net hyl ati ng agent,
met hyl ating DNA very effectively.

Next please. So, again cutting a |ong
story short, there was then a trenendous anount of

research, biological and chemcal. And | just

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 11

menti oned two publications that reflect the results of
all this research. One is what was long called in
German The Nitrosam ne Bible that was this publication
here as structure activity related and dose response
rel ated, very extensive investigation of 65 N-nitroso
conmpounds published in 1967. And then another tine
John showed the neganobuse rodent studi es that have
been evaluated very formally by the group of Peto and
his coworkers with a very detail ed dose response,
details especially for dinethyl- and

di et hyl ni trosam ne.

Next, please. So, to get a summary of
the biological activities of NOC shows NOC neans
N-nitroso conpounds. It shows that over 90 percent,
nore than 300 nitroso conmpounds are known to be
carcinogenic and in ani mal experinments, so if you find
a new conpound or a new structure, the probability is
relatively high that this may be a carci nogen, but
there are sonme structural activity show ng that one
can get a little bit nore power into the predictions
of carcinogenic potency. The npbst investigated

conpounds, dinethyl- and diethylnitrosam ne and al so
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t he tobacco-specific conpounds use tunors in a very
w de spectrum of ani mal species up to subhuman
primates, and there is no species that is found to be
resistant. Structured community studi es have hel ped
to conclude on structural elenments that are
responsi ble for carcinogenicity, and those vice versa
that may abrogate carcinogenicity. And there is a
characteristic feature of many of these nitroso
conmpounds that they may induce at the right dosage
quite specific organotrophic activities. Alnost all
organs of experinental animls that have been used are
listed here.

The | ast one is that the bioactivation
of nitroso conpounds that the interaction is crucial
I nduced in targets proceeds basically simlar in
animal s and in human tissues.

Next please. So, the metabolismis
very well investigated, and it shows that the nost
critical event is the al pha-C hydroxylation of nitroso
conpounds. N trosam nes in this case where you see
that after the al pha-hydroxy group has been introduced

by cytochrone p450, then the enzynes, and al dehyde is
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split off, and you get an al kylating internedi at e,

ei ther diazoniumion or a -- cation, which then is
able to al kylate nul ceophilicites in the DNA at

di fferent DNA bases, including also phosphates by the
way. Metabolismis not necessary for the direct-
acting nitroso conpounds |i ke here shown, the alkyl
nitrosureas that just al kylate by direct
deconpensati on, often catalyzed by basic nedia.

Next please. So, there is a group of
rul es concerning prediction of carcinogenic activity
fromstructures. Since the al pha-C hydroxyl ation, the
met abolic one matters so nuch that it is easy to
conceive that if you put in branching in the other
position, you will inhibit or at |east decelerate the
met abolic activation. That is definitely the case of
branch conmpounds, and the al pha position branch
conpounds are | ess carcinogen than the stretching
ones. And this goes up to the point that you have
tertiary butyl branch. They are noncarci nogenic.

The second point of consideration also
is that if you have a tertiary butyl substituent in

this position, then you very often have also a sl ow ng
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down of nitrosation because it |eads to sone extent
the nitrosation.

Next slide. So, conpounds that are
known to be rel evant for human exposure versus nitroso
conpounds are shown here in this selection. There are
vol atil e conpounds. This has this reflection in the
anal ytical determ nation of these conpounds that are
basically determ ned by a purification at the
destinative step. Dinethylnitrosmne up to
ni trosonor pholine. These are the carcinogenic or even
hi ghly carcinogenic ones. N trosopyrrolidine is
sonmewhat | ess active than the short chain ones,
ni trosonor pholine, and then there are non-volatilized
ni trosodi et hyl am ne known to be a contam nate of
cosnetics, or they have been a contam nant of
cosnmetics. And then the nitrosoam no acids, nost of
t hem are noncarci nogenic with the exception of
ni trososarcosine that is a weak carcinogen. The
reason for this non-carcinogenicity is believed to be
the very good water solubility and the ionization
under physiological pH and this is also true for

conpounds that may contain am no groups, ionizable, or
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prot onabl e am no groups that may then if the conpound
IS protonized also inhibit or at |east make this
option quite slow.

Next slide. So some words to the
basics of formation of N-nitroso conpounds.

Next please. So, this depicts -- it is
a busy slide, but it depicts nore or |ess what has
been published already in 1975 by Sid Mrvish and
depicts rates and the factors that are inportant for
the rates. First of all, it is inportant to realize
that the nitrosating agent itself is N203 in aqueous
acidic solution, and the formation of this N203 is
goi ng through the interaction of two nol ecul es of
undi ssoci ated nitrous acid. So, the formation of
nitrous acid is favored by proton concentration. The
nore acidic the mlieu is, the nore nitrosating agent
is available. On the other side, it is only the
unprotonated am no nitrogen that can be nitrosated, so
in other words, the results is then this bell-shaped
curve you see on the righthand side of the panel that
shows the pH dependency of the nitrosation rates in

short.
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The second point also to take into
consideration is that the pK(a) value of the am nes
very strongly determnes the nitrosation rates, saying
t hat high pK val ues, strongly basic am nes are
relatively nmuch | ess easily nitrosated than weakly
basi ¢ am nes. The exanples shown here are
di met hyl ami ne for a strongly basic one and for
i nstance norpholine or piperazine for a weakly basic
am ne.

Next please. This is also shown again
here. On the left-hand side, you will see what you
have seen directly before, but on the right-hand side,
there is a collection of data showing that this
in vivo nitrosation can be shown interactions by
gi ving appropri ate dosages of am nes, not nitrosam nes
but am nes, and of nitride. And in that case, the
green field here, the green area, shows the high pK(a)
am nes that are not producing enough nitrosamne in
the acidic mediumof the gastric mlieu of the
stomach, whereas the ones that are within this red
field here, the | ow pK(a) am nes, the weakly basic

am nes, they have been shown |like nitroso
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met hyl benzyl am ne or nitroso piperazine, they have
been shown to yield enough nitroso conmpound in vivo,
In the stomach to induce the sane tunors as what woul d
be seen when getting the nitroso conmpound itself. So,
that's the first information about this in vivo
situation that has been tested many years ago.

Next please. So, as another point of
| nportance, and that is if you renove the possibility
of the am ne to get protonated, for instance by
interaction with formal dehyde, then the nitrosation is
no | onger dependent on the acid nmedium but it can
also directly go on in neutral or either basic mlieu,
and that is a problemthat has been faced mainly in
occupati onal exposure situations. For instance, with
the nmetal industry, the cutting fluids that are
normal |y weakly basic. Where nitrogen oxides in the
I ndustrial environnent directly interact with am nes
and form nitroso conpounds, and this may al so happen
with nitride.

Next please. So, to get this together,
| have not nentioned yet the primary am nes that al so

to some extent mght directly react in an acidic
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medi um for instance to formdiazoniumions, so in

ot her words, they may also form el ectrophiles that
could be available for interacting with DNA for

i nstance or biological material. However, the rates
are much sl ower than those for secondary am nes, which
normally nitrosate quite rapidly under the conditions
| have just outlined before. And of course, as
mentioned in basic or nonaqueous nedia, there is also
a rapid possibility of rapid interaction wth
nitrosating agents, since the protonation is not
conpleted. Most tertiary amnes formal so nitroso
conmpounds by a process call ed deal kyl ati ng
nitrosation. Normally, a few significant exceptions
at nmuch smaller rates, and then they have the

catal ysts, formal dehyde, and ot her carbonyl conpounds
that may interact also. Hal ogenides and thiocyanate
for instance are acting as catal ysts, whereas
conmpounds that are scavenging nitrosating agents, |ike
ascorbates, tocopherols, and phenolics, for instance
fl avonoi ds, they are nornmally considered as inhibitors
of the nitrosating reaction.

Next please. Again, quite a busy
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slide, but it's inportant. This is a relevant
tertiary amne. It is nicotine. Nicotine undergoes
quite easily nitrosation, deal kylating nitrosati on,
and in response to the ring opening reaction or
denet hyl ating reaction that is going on, we get three
di fferent conpounds that are shown here, NNN, NNA, and
NNK, which is very involved in tobacco-specific
nitroso conpound.

And the | ower part of that slide shows
the netabolic activation, which is well known and very
wel |l investigated, nethylating or into a
ket obutyrating agent that interacts with the DNA.
Finally, and on the utnost right-hand side, you wll
al so see a reaction that m ght be called a
detoxification reaction because the keto group
undergoes to sonme extent partial reduction to the
al kyl ion, and the alkyl is then excreted in the urine
as the correspondi ng glucuronide. Now, NNK and NNA
have been rated to Group 1 carcinogens by IRC. So,

t hey are carcinogenic to humans because there is
sufficient evidence for carcinogenicity in animls,

and there's strong nechani stic evidence also in
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exposed humans. And there is another aspect that also
Is quite inportant for human exposure, and that is --

Next slide, please. That we al so have
passi ve exposure to tobacco snoke, very wel
I nvestigated by nmy dear coll eague, Stephen Hecht, who
has been working very intensely on these subjects.

And the base of the biomarkers excreted in the urine
of nonsnoki ng, exposed people, starting with

transpl acental exposure already and neasured for

i nstance in urine of newborns and ot her exposed

popul ation that may be passively exposed to so-called
secondhand snmoke. You see that it is about 1 to 5
percent of those in snokers as being rated there. So,
It is quite significant.

Next slide please. So, let us just
have a short wal k-t hrough nonfood products, cosnetics
as the first exanple, and personal care products have
been found many years ago already that these are
provi di ng exposure maybe by nitroso-nethyl al kyl am nes
and sone others that are listed here up to
ni trosonor pholine and | ong chain conponents. The main

problem there was insufficient purity of basic
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materials. In other words, it has been so rapidly

t hereafter when peopl e becanme aware of this problem
and al so there have been sone nitrosating
preservatives |like bronopol or bronidox that are
transnitrosating or nitrosating agents.

Next slide, please. So, it's clear
that mtigation based on the know edge was quite
effective. Purity was determ ned by purity
speci fications, maxi mum content of nitrosam nes. And
these all ended finally up an estimte of well-known
exposure, system c exposure by dermal application of
cosnetics lower than 0.05 m crograns per person per
day.

Next, please. One short word to the
occupati onal exposure also known since many years.
One of the courses | have already alluded to is the
use of nitride as a corrosion inhibitor or the
I nteraction of nitrogen oxides in an industri al
situation with the am nes that are present in cutting
-- for instance in netal cutting fluids. And this
contam nati on went up to PPN, even high PPN val ues.

Next slide, please. Again, the
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| ogi stics of mtigation are just witten here. They
are spelled out in the Technical Rules for Hazardous
Substances. The last edition | think is 2018 in
Germany or whatever it is called, TRGS 522. So, these
are the mtigation neasures recomended. No use of
nitrite as a corrosion inhibitor, using nitrosation
i nhi bitors, and replace chemcals giving rise to
carci nogenic nitroso conpounds by those that do not
give rise to carcinogenic conpounds. And that
principal or that strategy has been called the
strategy between "safe am nes."

The next slide shows -- | think an
exanpl e for that you see on the left-hand side
conpounds that are used, for instance, in rubber
I ndustry for vul cani zation of rubber. These are
t hi uram di sul fi des, and they under good protection
conditions, they would then generate
di met hyl ni trosam ne or nitrosonorpholine at the | ower
exanpl e case. And on the right-hand side, you'll see
what we can do for prevention or mtigation. These
conmpounds can al so equally be used or al nost equally

be used for technical purposes, and that falls al ong
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carcinogenic nitrosamne within that green circle, and
the same is true for the Iower |ine exanples shown
here. Al pha branch nitrosopi peridine or N-

met hyl - ni t rosopi perazi ne, which is not known to be
carcinogenic contrary to dinitrosopi perazine, which is
quite a strong carcinogen. Okay. So, that is the
exanpl e of safe am nes.

The next, please. W go nowto the
technical rules a little bit nore in detail because |
want to show you regulations as witten in the TRGS
552. There is a tolerance and acceptance
concentration. For instance, in the air, that is
bei ng i nhal ed at working places. At the nmonment it is
0.75 mcrograns per cubic nmeter is the tolerance and
one-tenth of it or 0.75 m crogranms per cubic neter is
t he acceptance concentration also, not only for the
I ndi vidual nitroso conponents but also for the sum of
it if there are several conponents in the air found.

Next please. Now the |ast word on the
exogenous i s exposure to food. They have the
nutrition exposure. Interesting to see, but the very

first incidence reported in the literature was in an
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ani mal meal based on fishneal that had been treated
with nitrite. In that case, hepatotoxic factor, which
at that tinme was not known, has been identified and
| ater nore or less identified because it was a very
hi gh contam nation that it was dinmethyl nitrosam ne,
and truly enough the animals got liver toxicity. So,
this, of course, triggered al nost an aval anche of
research into foods because of course ani mal -based
foods are very often cured or snoked or at | east
shoul d be an expected formation of nitroso conmpounds,
and this research was | ong hanpered by the relatively
I nsufficient analytical nmethods. Finally, devel oped
the thermal energy anal yzer (TEA) and | ater on of
course, and that is the present state of the art, is
t he coupling of chromatographi c separation nethods
with nultiple mass spectronetry for identification.
Next please. So, the processing
met hods -- because nitroso conpounds in foods are
process-rel ated contam nants, which are potentially
responsi ble are curing with nitrate or nitrite. So,
reduction of these could help. Then, the addition of

literature, then for snoked food, |owering of the NOX
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content in the snoke with which foods are treated.
Drying or kilning of malt by direct firing techniques
has been found to be shown to nitrosam ne formation.
And in rare cases al so packaging by m grational
nitroso conpounds into the food.

Next please. So, one exanple here is a
kiln where barley after germ nation is being dried in
a kiln. And al so sone specific browning reactions.
And one can directly see whether the direct firing
techni ques with burners of above 1,100 degrees
Cel sius, they produce a | ot of nitrogen oxides, and
t hese are swept through the malt and of course
interact then with constituents in the malt to form
nitroso conpounds, in other words to limt the
tenperature to degrees or to use indirect firing
techni ques or heating techniques that are very well
established. Indirect heating techni ques used
t hr oughout centuries that would renove that
contam nation quite efficiently.

Next slide. The main precursor for
ni trosodi net hyl ami ne or NDVA in barley is gram ne,

again a conmpound that can easily be interacting wth
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nitrogen oxides by splitting off the nitrosan ne
elements. And as | said, the mtigation neasures were
quite effective to reduce the contam nation to really
very | ow | evel s nowadays.

Next, please. | think shows the
estimated daily dietary intake of
nitrosodi methylanmine. And this is a collection that
has been published by Hudl ey up here in 2013, but the
data are quite outdated I would say. So, there is not
very much current data on nitrosanm ne contents in food
nowadays. | think this is inportant for severa
reasons that we get updated data on this exposure for
al nost unavoi dabl e food consunption of course, al nost,
but certainly unavoi dabl e, al nost unavoi dable for the
nitrosam ne exposure that is connected to it. So, you
see, this is all below 0.2 or 0.3, except for
I nstance, for Australia. But as | said, | think we
definitely need updated data on this exposure
si tuati on.

Next slide. So, now we turn to the
endogenous formation thematics, and | start with

mentioni ng the pioneers, not only for endogenous
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formation but also for interaction of conmpounds wth
nitrosating agents. Sander and Burkle had al ready as
early as 1969 nmamde the first experinments to show that
a secondary am ne together with nitrite given to
animal s by gastric tube induces tunors that are
I ndi scernible fromthe tunors of correspondent nitroso
conpounds. So, there is situ formation in the gastric
conpartnment of nitroso conpounds that is responsible.
Then | have to nention Wllie Lijinsky who had a
t renendous amount of studi es concerning the
I nteraction of drugs with nitrous acid as a source of
carci nogenic nitrosam nes, incredible work and very
i nportant to revisit because in the face of our
current situation. Finally, Richard Loeppky is also a
very inportant contributor because he has been nmainly
elucidating with formati on of nitroso conpounds from
tertiary amnes, also a very inportant piece of
science that is published in many publications.

Next, please. Wen we consi der
endogenous formation, we need to take into
consi deration that we have already concerning the

upper gastrointestinal nitrite, we have a situation of
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circulation. As soon as you take up nitrite, for
I nstance, by consuming nitrate-rich vegetables, then
this process will go on, which is resorption fromthe
gastrointestinal tract, and then that circul ation, but
then nitrate is resecreted through the salivary gl ands
back into the nmouth, the cavity of the nmouth. The
mouth has its own m crobiome, and in that m crobione,
there are m croorganisns that are able to reduce the
nitrate to nitrite. |In other words, generates part at
| east of nitrosating agents by this way. There is
about 25 percent of a given dose of nitrate that is
recircul ated, and about 6 percent of it that has been
very well studied is reduced to nitrite. So, there is
a potential already here. But that is not he only
one. The other one as many of we know.

Next please. Because there is an
interrel ati onship between nitrate, nitride, and
ni trogen nonoxi de. The first point is that very
researched by Steven Tannenbaum s group show ng that
humans produce daily about 50 nmg of day for a 70 kg
person, endogenous synthesis of nitrate that has been

verified by input and output, and, of course, there is

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 29

a |lot of variety of enzynmes and proteins that can act
as reductases and reduce nitrate via nitrites to
ni trogen nonoxi de. There is further, of course, the
function of nitrogen nonoxi de as a signaling nolecule,
which is generated from argi nine and al so creates a
sust ai ned source for nitrogen oxides and fromthat on,
then also nitrite and nitride. And there is also a
key conponent that is found in response to bacteri al
I nfections and during inflamatory reactions. Various
publications address this. To give just a nunber for
the dietary nitrate uptake, that is an average about
175 ng per day as stated by EFSA (European Food Safety
Agency) in 2008. This interrelationship of nitrates,
nitrides, and nitrogen nonoxide is again shown in
the --

Next slide, please. These three
conponents are netabolically interconvertible.
Ni t rogen nonoxi de can be oxidized to nitrate and
nitride, and vice versa, nitrate and nitride can be
reduced to nitrogen nonoxi de.

So, in summary, we have a certain

endogenous physi ol ogi cal potential of generating
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ni trogenous agents that is in part dependent on the
nutritional exposure but is regulated and influenced
by many ot her physiol ogi cal paraneters.

Next please. O course, there have
been estimates of endogenous formation of
ni trosodi net hylam ne. | shoul d perhaps nention before
| go into that, that the urinary excretion of
nitrosated am no aci ds has been used for a long tine
as an indicator, a biomarker for endogenous
nitrosation in humans, and that is possible because
these nitroso conmpounds are not nutagenic, not
carcinogenic, and they are practically quantitatively
excreted in the urine. So, they can be used as
exposure biomarkers for nitrosation in vivo. And to
go through carcinogenic nitroso conmpound, for
i nstance, N-nitrosodi methylam ne, this is very
difficult because nitrosodi net hyl am ne has a very
short halfway in vivo. It is rapidly cleared fromthe
body, maybe by cytochronme P450 netabolism And
therefore, attenpts to neasure this are sort of really
difficult. And it is not only the difficulty itself

you see, the data of these neasurenents are quite old,
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1993 up to '86. Because there is another aspect,
which is also inportant, and that is that in those
early days, very often nitrosam ne anal ysis has been
pl agued by the formation of artificial formation
caused by artificial formation of nitroso conpounds
during workup and analysis. And if you see results in
the literature that do not conpletely prove, for

I nstance, by the addition of releasing the
nitrosatable tracer conpound that artificial formation
of nitroso conpounds is prohibited or inhibited, then
these results are normally not really trustable.
Anyway, i f one takes these earlier results of very | ow
| evel s of NDMA in blood sanples that have been
considered as reflecting steady state, then one would
have i ncredi bly high anounts of endogenous exposure to
this conmpound. As you see here, it would be up to
2,500 ncg per day or 1.4 to 35 ncg/ kg per day. And if
one bases this on a biomarker, the biomarker of

al kyl ati on of O6 oxygen of guanine that is also very
wel | devel oped as a technique. Then, you would end up
in a simlar range of about 18 ntg/ kg per day. |

think these are inportant points to nention here and

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 32

to show that we really need definite, dependable
confirmati on and del egati on of these results. | think
It is very inportant to know nore about this.

Next, please. Before we cone to the
| ast part of endogenous nitrosation considerations,
just | would like to mention just shortly the WHO
nitrosation assay procedure or short NAP assay that
has been published very early already in 1980. This
Is a very sinple chem cal test under rugged conditions
with relatively high concentrations show ng the
reactivity as is seen here on the left and on the
ri ght hand side of a couple of conpounds that have been
i nvestigated by this test. You see that secondary
am nes of course are very high on the scale but also
tertiary am nes on the other side. And the problem
with this test was that there were never cutoff |evels
of reactivity really defined scientifically. So, it
has not been used very nuch.

Next, please. Human information of
formati on of nitroso conmpounds in humans is of course
avai l able. There are several publications on this

one. One of several publications. This is one by
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Tricker and Preussmann showing in patients with
parasitic infections that piperazine is nitrosated
endogenously, and it can be neasured by urinary
excretion of mainly nononitrosopiperazine, a little
trace of binitroso and the correspondi ng netabolites.
And the ot her conpound nentioned is am dopyrine
because it is an extrenely reactive conpound towards
nitrosating agents, alnost considered as a reagent to
show the presence of nitrosating agents. And here, in
this case, the in vivo nitrosation was neasured in
urine on simnultaneous passage of sone ethanol to
I nhi bit cytochrome P450 cl earance. And then it becane
avai lable in the urine, nitrosodi nethylam ne could be
measur ed.

Next, please. So, the exanple of
am dopyrine and its close anal og, nmetam zole. The
am dopyrine as | nentioned is extrenely reactive and
responding with the formation of dinethylnitrosam ne,
the other part of the panel. And this resulted very
soon in wthdrawal of am dopyrines fromthe market.
And the analog here is netam zole. That is still on

t he mar ket because it has been shown that the nitroso
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conpound that is shown, this nononitroso conpound here
shown in the green circle is nonnutagenic and
noncar ci nogeni c. Again, close anal ogs show ng vastly
differing properties.

Next, please. Then, of course, you are
all quite famliar with the occurrence of formation of
dimethylnitrosamne in Sartans in the
di met hyl bi guani de (metformn) that is shown here. To
my know edge, at |east, the source for the NDVA
formation is not really elucidated yet. But this was,
as | nmentioned at the very beginning, the change with
t he Sartans, the change in the production process to a
sol vent, dinmethyl formam de, which of course then can
react with nitrite that has been used to quench and
destroy the azide that had been used to speed up the
tetrazole ring. This then was the cause to form
di met hyl ni trosam ne

Next, please. That is simlar for
ranitidine, again structured as you may see here. The
di met hyl am no group attached to the furan ring
system One could predict that this will carry

easily. What | think is nuch nore inportant is the
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publ i shed study recently in 2016 with human vol unteers
where it was shown that enhanced | evels of
di met hyl nitrosam ne were excreted in the urine. And
anal ytically, this was all right because these authors
not only had the best sophisticated instrunents,
I nstruments with nmass spectronetry to neasure, but
al so, they were keen to shown that there is no
artificial formation during analysis. So, from an
anal ytical viewpoint, this is, in nmy opinion, all
right. And again, this would be quite substantial,
that is a nitrosamne formation rate that is going on
as neasured in humans. |If it can be confirmed, in ny
opinion, it is very inportant to confirm especially
al so raises the question why urinary excretion of
dinmethylnitrosamne is so relatively high because as
we know, normally, it is very rapidly cleared and
elimnated by netabolism

So, we have one nore, which is another
H2 receptor antagonist. Please, next slide. That was
the first one to study cinetidine. That is the one
here. That can al so be easily nitrosated, but

unexpectedly this conmpound, although it was nutagenic,
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it was reveal ed not to be carcinogenic. And the group
Magee has contributed a lot to show that the nmechani sm
Is that this conmpound is netabolically mainly

deni trosated by gl utathione and gl ut at hi one
transferases by other SH groups of cystine or
henogl obi n groups and even by cytochrome P450. And
they also realize that the i mdazole ring here may

al so be ionized, so this would al so contribute under
physi ol ogi c conditions to keep perhaps the
nitrosatable ability or the biological effect of the
nitroso conpound. That is all | have to say. So, we
cone to the end.

Next, please. Most of you will know
the group limts that have been defined recently based
on the TD50 val ues of the original Gold Database, now
t he Lhasa Dat abase that cane to either |ower default
val ues, which are, you know, nuch |ower than those
t hat m ght be seen either by food exposure or even by
endogenous exposure if these values can be confirnmed.

Next, please. This should show the
breakout. As | promsed, | would |like to contribute

to show open questions, know edge gaps, and research
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needs. First to the exposure, | think it is very

I nportant to get a database update on the exogenous
exposure. | think maybe from diet. Because it may be
used as a suitable reference, correct, at |east the
suitability needs to be considered for risk assessnent
of ot her exposure pathways |ike contam nated drugs.
And of course it is even nobre urgent to conme to grips
with the endogenous exposure and to devel op vali dated
anal ytical nethodol ogy to use PBBK-based estimtes for
human endogenous exposure and to check the
productivity of the biomarkers of in-vivo formation.
Are the nitrosam ne acids al so predicting carcinogenic
nitroso conpound formation are all inportant
guestions. And for the mtigation, the nost inportant
poi nt, of course, is to scrutinize the technol ogy and
t he processes for drug production to be sure that one
can really mtigate interactions of potenti al
nitrosating agents with APIs. But | think one should
not totally | eave out the possibility that given a
phar macol ogi cal or toxicological tolerance of an API,
t hat one can explore possibilities to replace critical

structural elenents as successfully achieved in other
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areas. Wth these open questions, | |eave you now,
and thank you very nmuch for your attention. Thank
you.

M5. KING Good norning. M nane
Sruthi King. | amone of the Associate Directors of
Phar macol ogy and Toxicology in the Ofice of CGeneric
Drugs in the Center for Drug Eval uation and Research.
" mone of the nenbers of the Safety Team on the CDER
Ni trosam ne Task Force. W have been working together
for the past 2-1/2 years, and as we head into the
techni cal discussion today, ny objective is to provide
sonme context into the considerations and strategies
used by FDA since the start of this incident and to
hi ghl i ght sonme of the ongoing chall enges fromthe
scientific and regul atory perspecti ve.

Next slide, please. So, this is just
to indicate that the views presented today are m ne
and do not reflect FDA policy.

Next slide, please. As you have just
heard Dr. Ei senbrand present, he gave an excel |l ent
I ntroduction to nitrosam nes. W know t hat

nitrosam nes are present in food, water, tobacco,

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 39

multiple sources in our environment. We know t hat
their chemstry is not new. Their toxicity and
potency is not new. We know that there are potent
rodent carci nogens, and some are probably hunman
carci nogens. However, the presence of nitrosam nes in
drug products was al arm ng when we first becane aware
of it at the FDA in 2018. This contam nation incident
af fected products globally, resulting in recalls of
vital nmedications. And this required the devel opnent
of highly sensitive analytical nethods to detect and
guantify these nitrosam nes and investigate the root
cause of formation of these conpounds, so that we
could identify appropriate control strategies.
Managi ng this nitrosam ne contam nation incident in
drug product has required nultidisciplinary approaches
to conduct the risk-benefit assessnents, to
col | aborate with industry, and with our international
regul atory partners, and to devel op effective
conmuni cation strategies so that our patients are
aware of what is in their drug products.

Next slide, please. So, CDER (Office

of Generic Drugs) becane aware of the presence of
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N- ni trosodi net hyl am ne or NDVA in val sartan, which is
one of the angiotensin Il receptor blocker class of
drugs. Since that tinme, we have | earned that
nitrosam nes have been identified in active
phar maceutical ingredients or APls, along with
finished drug products. And this contam nation of
nitrosam nes has been seen in generic drugs, as well
as brand drugs, although the effect has been greater
on generic drugs. Miltiple nitrosam nes have now been
identified, and so we are | ooking into control
strategies for single and nultiple nitrosamnes in a
drug product. \What you see on the righthand panel of
this slide is sone of the nitrosam nes that FDA has
identified in drug products and posted acceptable
intake limts. Also included in this list is
1- met hyl - ni trosopi perazi ne and
1-cycl opentyl -nitrosopi perazine, which have been
identified in sone anti-infectives. Despite the
nearly 2-1/2 years into this contam nation issue, we
have still many ongoi ng chal | enges.

Next slide, please. So, what are sone

of the considerations that we mke when we becone
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aware of the presence of a nitrosam ne. W first | ook
at whether it is a single or nultiple nitrosamne. |Is
It arisk of formation, or are there actual |evels
bei ng detected? Are the analytical nethods being used
sufficiently sensitive? And what is the root cause

I nvestigation tell us? |Is this an APl issue, or is
this a drug product issue, or is it both? Once we are
aware of what is the specific nitrosam ne, we then
consi der what are the avail able nonclinical data to
establish an acceptable intake. W then al so consider
what are the products that are being affected? What
I's the patient population that is being inpacted by
this contam nation issue? Are these products

medi cal |y necessary? What are the |levels detected in
t he actual drug product, and how does this correspond
to the acceptable intake of that nitrosam ne? Should
products be recalled, and if a recall is required,

wll this precipitate a drug shortage if there are no
alternate options available. Therefore, there are

mul tiple considerations that go into managing this

I ssue and also to determ ne what is the appropriate

next step.
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Next slide, please. This slide
sunmari zes sone of the key events and tineline of this
I nci dent from FDA standpoint. So, for each of the
products that have been inpacted by the nitrosam ne
contam nati on, FDA has conducted a risk assessnent and
posted acceptable intake limts, along with
appropriate anal ytical methods for that nitrosan ne
and issued comruni cations related to the risks of
exposure, along with recalls that have happened, so
t hat stakehol ders are aware. As the incident evolved,
FDA publ i shed a gui dance in Septenmber of 2020 on the
control of nitrosam nes and drug products. W are
actively engaged with our key stakehol ders and
researchers, along with our international regulatory
coll eagues to identify best approaches for risk
assessnments and control and mtigation strategies. As
you can see, the incident began with contam nation
I ssue in anti hypertensives in the ARBs, the
angi otensin Il receptor bl ocker drugs, and has now
enconpassed many cl asses of drugs, including
rani tidine and ni zati di ne nedi cati ons to manage

di abetes and al so i nfecti ous di seases such as
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t uber cul osi s.

Next slide, please. VWhen FDA first
becane aware of this contam nation issue, our Center
Director at the tinme, Dr. Janet Wodcock, activated
the CDER Nitrosam ne Task Force to manage this
I ncident. She foresaw the potential broad inpact on
the qualify of nedications and their inpact on patient
safety. The Nitrosam ne Task Force is managed by the
CDER Office of Counter-Terrorism and Energency
Coordination or CTECS. And this is a group that neets
regularly. At any given tine, there is over a hundred
subject matter experts from across CDER and FDA that
neet reqgularly to discuss and propose recomrendati ons
to mtigate the risk of nitrosam nes in drug products
and manage patient access to critical nedications. As
part of this effort, we routinely update senior
managenent and di scuss product and policy issues. W
al so engage international regulators to discuss
har noni zed approaches for addressing nitrosani ne
contam nation on topics such as risk assessnents,
mar keti ng actions, and sharing information related to

t hese topics, along with communi cati on strategi es.
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Next slide, please. This slide shows
the Multidisciplinary Coordination that has been
happening in order to manage this nitrosam ne
incident. In the mddle, you will see the CDER
Ni trosam ne Task Force, and they regularly engage
various groups wthin FDA. And this kind of
mul ti di sciplinary coordination is necessary to manage
this incident locally and engage with international
regul atory partners to address this gl obal issue. |
will go into further detail on sone of the
I nteractions that happen in the comng slides. But to
briefly highlight some of the key interactions, the
O fice of Pharmaceutical Quality, chem stry experts
play a critical role in the root cause investigations
and anal ytical nmethod devel opment, sanple testing, and
managi ng of applications and setting expectations for
pre- and post-marketing issues. Depending on the
nitrosamne that is identified, pharmtox experts
within Ofice of Generic Drugs and O fice of New Drugs
are called upon to identify specific acceptabl e intake
limts based on animal data. These acceptable limts

are then used to devel op nethods and identify
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anal ytical targets. Clinical experts also work
closely with pharmtox and quality and identify
appropriate maxi num daily dose for the proposed
product as the maxi num daily dose is used to set
control limts for specific products as sone products
may have nmultiple indications. Also closely involved
is the Drug Shortage Staff. When nedically necessary
products are inpacted, Drug Shortage Staff infornms us
about drug supply issues. There are also Conpliance
experts that are involved in inspections and recalls
and al so managi ng regul atory discretion issues al ong
with regulatory policy, Regulatory Affairs Staff that
respond to inquiries fromcitizens. W have had
Congressional inquiries into this issue. There is
Post Marketing Surveillance Staff that characterize
ri sk of exposure from post-nmarketing data. And then
finally, there is Comrunications Staff and Patient
Engagenent Staff, and we have had to devel op a robust
conmuni cation plan in order to comrunicate to patients
and stakehol ders on what is happening, how FDA is
managi ng this issue. And lastly, FDA Researchers are

al so actively working on devel opi ng key specific
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speci alized methods for quality assessnents, along
with nonclinical information, and nonclinical nethods
to optimze study conditions.

Next slide, please. So, what are sone
of the conplexities that we have had to deal with?
Root cause investigations were critical to identify
what is causing formation of nitrosam nes, and this
woul d hel p informcontrol strategies. W know that
ni trosam nes can be formed because of process-rel ated
i ssues with starting materials or the APl itself,

I nternmedi ates. There are supply chain issues that
were identified where use of recycled or recovered
materials was introducing contam nation into the
synthesis. There are also product stability issues
where excipients in the fornulation for exanple were
contributing to the formation of these inpurities.

Hi ghly sensitive nethodol ogi es,
anal ytical nmethods were necessary in order to identify
and quantify these nitrosam nes. Sanple testing was
necessary to identify which of the |ots consisted of
ni trosam nes that were above acceptabl e intake, and

this was used to informrecall decisions.
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Unaccept abl e i ntakes and sensitive nethods were
necessary in order to set controls within the
manuf act uri ng process.

Lastly, we had to establish risk
assessnment expectations where nitrosam nes in pending
and approved products as there could be different
consi derations that were necessary. From a safety
standpoi nt, we were aware that nitrosam nes are part
of the cohort of concerned group of conpounds, and so
t hey needed tighter control because they posed greater
ri sk than other conpounds. W know that lifetine
exposure is cal cul ated based on an increase in one
case of cancer in 100,000 patients, and this was
consi dered an acceptable |evel of risk. And so our
task was to balance the risk of exposure to
nitrosam ne versus the risk of no access to nedically
necessary drug. We know that potency of nitrosam nes
vari es across conmpounds. Sone are nutageni c and
carcinogenic, while others are not nutagenic but are
still carcinogenic. Also, nothers are weakly
carcinogenic. There is general agreenent across

regul atory bodies that nitrosam ne should be avoi ded
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or tightly controlled if they are unavoi dable in drug
products. When we were faced with various
nitrosam nes, we had to determ ne an acceptable |evel,
and this was done using approaches in the ICH W
gui dance, and this acceptable intake inforned the
anal ytical sensitivity of the nethods that were
necessary for detection of these conpounds, along wth
i nform ng recal |l decisions.

Next slide, please. So, how did we
cal cul ate acceptable intake? W had to identify a
TD50, which is the dose that produces tunors in 50
percent of the animals in a dosing group from an
ani mal carcinogenicity study. As you have heard in
Dr. Eisenbrand's talk, there is a wealth of
carcinogenicity informati on for many of the
nitrosam nes. The acceptable intake is the daily dose
of a nitrosam ne when taken over a lifetine that
represents a risk of one additional case of cancer in
100, 000 patients. How do we select the appropriate
study when selecting a TD50. We |ook to see how
robust the data are within the carcinogenicity study.

And some of these criteria are listed here. How nany
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animals are there in a dosing group? What is the
treatnment regi nen and dosing frequency? There are
several nitrosamnes with a nunber of studies that are
avai l able. Which is the appropriate study?
Toxi col ogy assessnments and data presentation was
anot her factor, along with rel evance of the species
and tunmor. When establishing an acceptabl e intake,
pharm tox experts in OGD, O fice of CGeneric Drugs,
wor ked closely with pharmtox experts in the Ofice of
New Drugs. As | nentioned, generics and brand drugs
were equally inpacted by the nitrosam ne issue, and
therefore this collaboration was necessary to
establi sh an acceptabl e int ake.

Next slide, please. Not all
ni trosam nes have robust carcinogenicity data in the
literature. Some nitroso conpounds have no data at
all. And so, in these cases, it was necessary to
consi der surrogate conpounds to establish an
acceptable intake. This is an approach that is
described in ICH M/ where structurally or closely
related structures could be used to justify an

acceptabl e i ntake. When an appropriate surrogate is
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not identified, we refer back to the acceptable

I ntakes of NDMA, which is N-nitrosodi net hyl am ne and
N-nitrosodi ethylam ne to identify an appropriate,
acceptabl e intake for the nitrosam ne conpound of

i nterest. When we do have options for surrogates, we
consi der the robustness of the data that is avail able
for that surrogate conpound and structural
simlarities between that surrogate and the conpound
of interest. Just to note that sonme of the
nitrosamnes listed in the FDA CGui dance have
acceptabl e i ntakes that were devel oped using a simlar
process.

Next slide, please. Wat are sone of
the additional clinical conplexities? A w de range of
products have been affected, and this has inpacted
| ar ge nunbers of patients with serious nedical
conditions, such as hypertension, diabetes, hearthburn,
tubercul osis. So, lack of nedication, |ack of
medi cal |y necessary drugs could lead to public health
energenci es, for exanple. So, the maxi mum daily dose
I's something that is necessary in order to calculate

an acceptable intake or set control limts for a
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specific drug product. And this is necessary to
facilitate risk assessnent of the manufacturing
process. Another piece of this clinical risk-benefit
assessnment is a nedical necessity evaluation. It is
i mportant to maintain patient access whil e bal anci ng
the risk of exposure to nitrosam nes. And this

mul ti di sci plinary coordination goes into informng
whet her a product should be recalled. As | nentioned,
prior to recall, there is a consideration of whether
there are alternate therapeutic options for patients,
whet her the recalls will precipitate a drug shortage.
And so, when there is a potential for drug shortage,
addi tional strategies need to be consi dered.

Next slide, please. One of those
strategies is the use of interimacceptable intakes.
VWhen patient access to drug is deened nedically
necessary, FDA has applied flexibility by using
i nterimacceptable intakes. Industry is a key partner
in this short-termstrategy as it offers flexibility
to maintain patient access while process changes are
instituted to renove or reduce nitrosam ne formation.

However, this requires nultidisciplinary discussion
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and consensus. Pharmtox staff along with clinical
experts in Ofice of New Drugs and Office of Generic
Drugs, O fice of Pharmaceutical Quality, Drug Shortage
Staff, Ofice of Conpliance, and many others are
needed in order to determ ne whether an interim
acceptabl e intake can be tolerated to maintain patient
access. This approach has been applied in several
cases to mtigate drug shortages. For exanple,

| osartan was one of those cases where an interim
acceptabl e i ntake was applied, along with rifanpin and
rifapentine.

Next slide, please. Not all products
are used in the sanme way. Sone are used as
short-term while others such as anti hypertensives can
be used long-term So, how do we assess the risk of
nitrosamnes in short-termversus | ong-term use
products. We know that M/ allows for adjustnents
based on duration of use for nutagenic inpurities. W
al so know that nitrosam nes are a cohort of concern
conpounds, and they are potent rodent carcinogens.
Therefore, when assessing the risk of nitrosam nes, we

have considered lifetinme exposure limts. And that is
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because sone nitrosam nes have been shown to produce
tunors at very short doses or even single doses, for

I nstance. And therefore, there is uncertainty
associated with a sinple adjustnent to the acceptable
I ntake using the approach that is described in M/. In
fact, M7 allows for this case-by-case approach where
acceptabl e i ntakes for high-potency carcinogens, such
as cohort of concern conpounds, can be significantly

| ower than the typical |ess-than-lifetinme adjustnents.
Therefore, the interimacceptable intakes do offer
flexibility, but they are used as a short-term
strategy to maintain patient access to nedically
necessary drugs. And this is a strategy we have used
to avoid or mtigate a drug shortage. And adjustnents
based on duration of use have not been considered in
determning the interimacceptable intake for a
specific product.

Next slide, please. Another key factor
or anot her key facet of the nitrosan ne contam nation
I ssue in drug products fromthe FDA perspective has
been our communication plan. Listed up here in the

first bullet is the main FDA | andi ng page for all
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I nformati on associated or related to nitrosam nes in
medi cations. And using this hyperlink, you can access
I nformation that FDA has shared to informindustry of
anal yti cal nmethods of sanpling and testing results and
ri sk assessnent strategies. This has been used to
I nform patients and care providers, pharmacy suppliers
and distributors, list recalled products, and di scuss
alternate treatnment options. FDA conmuni cations was
critical to address nedia concerns and citizens
petitions, along with Congressional inquiries. And
finally, the Communication Staff is also actively
engaged in talking with our regulatory partners
internationally to discuss risk assessnent strategies
and harnoni ze on approaches on regul atory acti ons.

Next slide, please. One of the
m | estones in our communications strategy was the
publication of the N trosam ne Gui dance, which you can
access using the hyperlink that | provided in the
first bullet. This Guidance provides detail ed
I nformati on on root cause assessnents, regulatory
expectations and risk assessnents, and associ at ed

timelines, along with acceptable intakes for several
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nitrosam nes, and outlines risk mtigation strategies.
It describes situations where there are single and
mul tiple nitrosam nes. Single nitrosam nes may be
all owed up to the conpound-specific Al, and tota
ni trosam ne exposure should not be exceeding 26.5
nanograns per day. There have been several webinars
hosted by the O fice of Pharnmaceutical Quality to
descri be this guidance in detail to industry. Since
that time, as | have nentioned,
met hyl ni t rosopi perazi ne and
cycl opentyl nitrosopi perazi ne have been identified, and
the acceptable intake for each is posted on the FDA's
ni trosam ne | andi ng page.

Next slide, please. However, we have
several challenges that remain. Root cause
i nvestigations have identified nmultiple factors that
can contribute to nitrosam ne formati on. We know t hat
stability of the fornulation, the excipients used, and
storage conditions are sone of the factors that can
contribute to nitrosam ne formation. Sone of these
factors can have broad inpact on many cl asses of drugs

because of their history of use in drug devel opnent.
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The risk assessnent is the key to understand whet her
ni trosam nes can be conpletely elimnated or if
control or nonitoring are better options. |In addition
to working with firms that submt their risk
assessnments, FDA is proactively reaching out to firns
w t h manufacturing processes that pose risk of
formation of nitrosam nes. The goal is to ensure that
there is high quality and safe drug supply in the U S.
market. As new and nore sensitive nethods are
devel oped, there is also increasing awareness of the
presence of APl-related nitroso inpurities. These
previously unidentified conpounds, uncharacterized
conpounds, pose a unique challenge when it cones to
ri sk assessnents, and appropriate control strategies.
Additionally, there is an effort to harnonize wth our
regul atory partners on anal ytical nethods for testing,
and to further discuss nethod sensitivity, nonitoring,
and other related topics.

Next slide, please. Froma safety
standpoint, it is inportant to acknow edge that
nitrosamnes are in our food, in our water, and can be

formed endogenously. And so, we have to consider how
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this exposure to nitrosam nes from ot her sources,

I ncl udi ng endogenous production, how this conpares to
exposure fromdrug products. How does this inpact our
ri sk assessnents and proposed control strategies for
nitrosamnes in drug products. |In sone cases, the
quantity and quality of data available varies for
nitrosamnes. |f data are not robust, identification
of an appropriate TD50 to cal cul ate an acceptable

I ntake is challenging. W are becom ng increasingly
aware that inproved testing nmethods are identifying
previously uncharacterized nitroso inpurities that
have no published safety data. So, how do we bal ance
this risk of exposure to nitrosam ne while maintaining
a high-quality drug product that is safe and effective
for its indicated use for the Anerican public. W are
usi ng surrogate conpounds for assessnent, but they
cone with their owmn limtations. O those surrogates,
It is inmportant to identify conpounds with robust

carci data. We do apply chem cal informatics
approaches to i nform potency. We |ook at structural
simlarity, metabolic activation. Some of these

nitroso inpurities are bulky, and considerations of
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how size and steric hindrance inpacts their potency is
anot her chal |l enge.

Next slide, please. So, as we head
into the workshop today, we have to | ook back and say
over the past 2-1/2 years, we have certainly | earned a
| ot; however, | have described sone of the chall enges
that are still ongoing. FDA researchers play a key
role in optimzing testing conditions for nitrosam ne
saf ety assessnents. W have researchers who are
wor ki ng on nonclinical safety assessnents to best
characterize nmutagenicity and carcinogenic risk of
sone of these nitrosam ne conmpounds. |In particular,
it is inmportant to devel op a testing paradigmfor
those that have little to no published data for those
I mpurities that are previously unidentified or
uncharacterized. Wat are sone of the key pieces that
are necessary to identify an acceptabl e intake?
Bridging this gap in information al so requires
col |l aboration with experts in academ a and i ndustry,
along with our international regulatory partners to
i dentify harnonized risk assessnent strategies. This

concl udes ny presentation.
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Next slide, please. | look forward to
t he di scussion over the next two days anongst our
panel of experts. | want to thank you for your
attention, and | would like to acknow edge the
col | eagues on the Safety Team Drs. Dorsam Atrakchi,
McGovern, and Karen Davis Bruno. And also the nenbers
of the CTECS Nitrosam ne Task Force, various
col | eagues from CTECS, our OPQ coll eagues, O fice of
Generic Drugs and New Drugs, Drug Shortage Staff,
O fice of Conmmunication and Conpliance. W have all
wor ked very closely together over the last 2-1/2
years. So, thank you for your attention, and | | ook
forward to an exciting workshop. Thank you.

DR. ATRAKCHI: Thank you, Dr.
Ei senbrand and Dr. King for the conprehensive and
i nformati on presentations. W now begin with the
guestions. They are organi zed under two headi ngs,
exposure and ri sk assessnment and chem stry. They
focus on inportant issues and the chall enges of
Impurities in nmedicines in general and nitrosamnes in
particular. W are also interested as you have heard

in the panel's thoughts on the research needed to
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further our understanding of nitrosam nes. W begin
with the first question under the headi ng of exposure
and ri sk assessnent.

VWhat are the endogenous | evels of
nitrosamne formation in humans and rodents? Once
formed, what is the rate or kinetics of elimnation?
VWhat are the conversion rates in the liver,
circulation levels in the blood, and nor nal
variations? If this information is not avail able, can
it be determ ned experinentally?

As we know and we have heard from Dr
Ei senbrand, nitrosam nes are present in the
environnment. We also know, not only are we exposed to
t hem exogenously, but they are also forned
endogenously. Therefore, it Is inperative that we
understand their pharmacokinetics in order to
determ ne exposure and ultimately cal cul ate ri sk.
Thi s question asked how nuch do we know about
nitrosam ne absorption, their distribution, how
qui ckly they are netabolized, and how fast they are
excreted. | would like to start by asking Dr. Hecht

to begin the discussion.
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DR. HECHT: Yes, so, we know quite a
bit about endogenous formation based on studies that
have been carried out with nitrosoproline where
subj ects have been dosed with proline plus nitrite or
even proline plus nitrate, and then nitrosoproline can
be quantified in the urine because nitrosoproline is
not metabolized. It is also not carcinogenic. So,
many studies on nitrosoproline formati on have been
carried out, which denobnstrate the endogenous
formation of nitrosam ne. So, the overall yield is
actually quite | ow based on the ambunts of proline and
nitrate that are given. But we do not have reliable
data for conmpounds such as di nmethyl nitrosam ne because
dinmethylnitrosamne is rapidly netabolized in the
liver, and we do not have good data on the
guantitative formation and excretion of its
metabolites. One can visualize why this could be
addressed, but it is very challenging. So, while,
froma structural activity point of view, you would
expect sonme endogenous formation of
di met hyl ni trosam ne from di net hyl am ne, for exanple,

in the diet and nitrate and nitrite that are normally

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 62

taken in. But quantitatively, we do not have good
data because of its rapid metabolism So, it is stil
a challenge to determ ne whet her the endogenous
formati on of carcinogenic nitrosam ne, such as
di met hyl nitrosam ne would be far greater, for exanple
t han the exposure from pharmaceuticals. That is ny
answer .

DR. ATRAKCHI: Next we go to Dr.
Kyrt opoul os.

DR. KYRTOPOULOS: Thank you. And
generally | agree with what Dr. Hecht has just said.
And he nmentions that Dr. Eisenbrand that basically
t hree approaches have been used to try and esti nate,
basi cally guess, and the formation for
dimethylnitrosamne. This is really the only
car ci nogeni c nitrosam ne about which we can try to
guess regarding its endogenous formation. Based on
the concentrations of NDMA that have been found in
bl ood or in urine and sone estimtes of the
t oxi coki netics of NDMA and having in mnd that it is
very small fraction of NDMA that is actually excreted

in the urine, people have tried to come up, and they

a
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have come up with estimates as we have previously of
hundreds to thousands of m crograns of total

t hr oughput of NDMA t hrough endogenous formation. |
can say a little bit nmore about the third approach
towards the sane question. Based on the fact that
NDVA net hyl ates DNA, it gives rise to nethylated
adducts, and it is possible to neasure nethyl ated DNA
adducts in human patients. O course, there is a
question of what is the source of these adducts, but
assum ng that NDVA is a nmmjor source, one can try to
use ani mal data and extrapol ate back to how nuch
exposure would be required to give rise to the adducts
we know. So, | would like to just take you through
this argunent. Data on nethyl ated DNA adducts in
humans are really quite limted, and nost of them have
been based on small pilot studies. However, there is
a series of studies that we had carried out sone years
ago, which were relatively extensive. W have
measured 0-6 net hyl guani ne, which is an inportant DNA
adduct, prenutagenic and precarcinogenic, this one by
NDMVA, and we had neasured it in human bl ood DNA, t hat

is in blood | eukocytes. And | would like to show you
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sone nunbers because | think it is inportant to have
an idea of the scale of what we find.

If I could have the next slide, please.
In three studies all together, which we carried out
over a period of 10 years or so, we | ooked at about a
t housand bl ood sanples from wonen citing general
envi ronnent al exposure. |In about 700 of those
sanpl es, we could nmeasure 0-6 nethyl guani ne, and we
had an average content of 16 attonoles per m crogram
DNA. An attonole is 10 to the -18 noles. Wth a
range of 4.5 to 109. Sixteen attonoles corresponds to
27 nmoles per 10 to the 8th noles of guani ne or about
59 or 60 nolecules per diploid cell. | would like to
explain why | use these units of content per cell.
This is because repair of adducts is an issue that
cones up frequently in discussing response and ri sk
assessnment. And it may conme up during the discussion
of subsequent questions. O0-6 nethylguanine is
repaired by a protein, a nethyltransferase, known as
MGMT whi ch acts stoichionmetrically for every nolecul e
of adduct that it repairs, a nolecul e of

al kytransferase is destroyed. That neans that if
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there are enough adducts in the cell to be repaired,
and if MGMI does get depleted, that neans that the
dose response curve m ght show an upward turn. So,
expressing the adducts on the basis of cellular
content allows us to conpare themwi th the content of
MGMT in differing cells. Now, in experinental animals
treated with | ow oral doses of dinethylnitrosam ne
(NDMA), bl ood DNA accunul ates nore adducts than al nost
all other tissues expect for the liver, which

accunul ates a little bit nore adducts. So, if the
adducts that we neasure do cone from NDVA, these

| evel s are unlikely to be exceeded by other tissues.

I n other words, what we nmeasure in blood represents

t he higher level of adducts in any tissue. As far as
| am aware, MGMI content of primary human tissues is
substantially sonme orders of magnitude higher than the
hi ghest adduct |evels we have seen in human bl ood DNA
I n other words, the 109 attonoles per m crogramDNA is
much, much lower from 10 to 100 hundred tines than the
| evel s of MGMI that are usually found in human
tissues. So, that neans that it is unlikely that |oss

of repair is likely to play a role in environnmentally
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rel evant exposure | evels.

Now, how likely is it that these others
come from NDMA. We know about a dozen nethyl ating
agents -- experinental, industrial, nedicinal, of
endogenous origin to which humans may be exposed.
From studies in rodents, we know that NDVA is by far
the nost efficient chem cal capable of giving rise to
06- net hyl guani ne in blood | eukocytes in-vivo.
Therefore, taking into account the degree of human
exposure to these chemcals, | think it is not
unreasonable to think that NDVA is probably the nost
| i kel y source of these adducts in the human tissues
that we neasure. So, assunming that this is so, we can
attenpt to estimte the exposure that is required to
give rise to the others that we see based on those
responses in animals. There have been nmany
stoichionetric studies published at tinmes. Mny of
t he ol der studies have used quite high doses of
met hyl ating agents, NDMA in particular, which |ikely
decreased from MGMI. We have carried out studies
usi ng much [ ower |evels of NDVA, non- MGMI depl eting,

and so we have those response information, primarily
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i n rodents buy also in nonkeys, in patas nonkeys.
What we have found that if the dose of NDMA is
expressed not as an anmount per Kkilogram for the wei ght
but as anmount per square neter surface area, and if
t hose response curves for adduct accunul ation in bl ood
DNA in different species becone quite conpatible, well
within -- the slopes are within a factor of 5 easily.
And | should add that we have also found that the rate
of repair of 06-nethyl guanine in blood | eukocytes is
simlar in rats, in nonkeys, and also in humans who
have been treated with nmethylating drugs. So, if we
can go to the exposure response curves.

Can we see the next slide, please. On
the left, you can see the adduct accunul ati on curves
I n blood DNA of rats treated chronically with NDMA in
the drinking water, and on the right, you see the dose
response curve for the steady state levels, which is
fairly linear. The dashed horizontal |ine corresponds
to the upper limts of adducts neasured in humans, and
fromthat, we can see that the correspondi ng exposure
I's just under 500 m crograms per square neter, which

adj usting, extrapolating to the human exposure woul d
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correspond to 982 mcrograns per day. That is for the
maxi mal adduct |evels, and for the nean adduct |evels,
sonet hi ng around 144 m crograns. So, we are speaking
agai n about background NDVA exposures of hundreds of
m crograns per day, which are much higher than those
that are derived from external exposures. And
therefore, they are likely to be of endogenous origin.
And, of course, these nunbers are in the sanme ball park
as those presented earlier by Dr. Eisenbrand, com ng
fromthe Hrudl ey publication of 2013. For sone
reason, they had used our data to conme up with other
hi gher nunmbers. In any case, this is where we stand.
Just two words about the uncertainties of this
analysis. First, | liked Dr. Eisenbrand s statenent
about the need to validate the measurements. And we
used i nmunochem cal net hodol ogi es, and the

I mmunochem cal net hodol ogi es when pushed at their
limt of sensitivity always had question marks. W
had taken steps to mnim ze these question marks, but
one would like to see neasurenents of DNA adducts
carried out by nore reliable nodern nethodol ogi es,

anal yti cal methodol ogies. Secondly, we are not really
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sure about the simlarity of the dose response curves
i n humans with those of the rats that we have used.
And perhaps an inportant thing to also have in mnd is
that we really do not understand the determ nants of
t he endogenous formati on of NDMA. No known studies
have really been carried out to answer this question.

And | stop there. Thank you.

DR. ATRAKCHI : Thank you. Now, we nove
to Dr. Rice.

DR. RICE: First, | want to thank Drs.
Ei senbrand, Hecht, and Kyrtopoulos for their
conprehensi ve overviews of sonme of the issues
associ ated with endogenous | evels of NDMA and ot her
nitrosamne formation. And | cannot add a great deal
to what they have already presented. | should just
like to draw attention to the fact that NDMA and ot her
nitrosamnes largely are netabolized by P450-2B1, and
that nmetabolismis subject to conpetitive inhibition
by sinmultaneous adm ni stration of other substrates for
that enzyne. Dr. Kyrtopoul os especially has done a
| ot of work with ethanol consunption concomtantly

with the adm nistration of nitrosam ne in experinental
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ani mal and better suited perhaps, so | can raise this
| ssue. But the basic point is that the distribution,
excretion, and so forth is not sonething that is
unchangi ng but is very dependent on what ot her
exposures are sinultaneously occurring. But great
shifts both in organ distribution of nethylating
effects, as well as excretion of nitrosam nes can
occur when substances conpete for p450 sinultaneously
i n nmy experience. Consequently, | would just note the
need to keep in mnd in efforts to understand the

| evel s and adducts of elimnation such that it is very
much dependent on what else is present in an

i ndi vidual. Thank you.

DR. ATRAKCHI : Thank you. Dr.

Ei senbrand. | know you have spoken quite a bit, but
maybe you can add a little bit nore.

MR. El SENBRAND: No, | would like to
actually. Thank you very nmuch. | think this
Question 1 is one of the nost inportant questions of
t he whol e neeting here because | think we really need
to get reliable informati on about endogenous exposure,

especially to dinmethylnitrosam ne but not exclusively.
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There are other conmpounds as well as Dr. Shukars [ph],
and sonme have shown a couple of years ago.

Met hyl ation is al so carboxynethyl ati on and sone
others. So, as | proposed at the end of ny talk, we
really need to revisit this endogenous formation and
exposure question quite a bit. | think it is very

i nportant also to put in relation what happens by
potential exposure to drug constituents. And it is
not only that, but the second point is also as I
mentioned in ny talk as well that we al so need an
updat ed dat abase on exposure from food to conpare with
potential exposure fromdrugs. | nean, if you |ook
into the proposed Al levels, the acceptable intake

| evel s, these are maybe fromthe TD50 val ues. Sone of
t hem have a good dat abase and data density but nost of
themnot. And in nmy opinion, we end up with a series
of theoretical values in the nanogramrange, which is
all right, of course, as a safety measure, but we need
al so to have this view of what happens in real life,
and that is my nmeaning as a toxicologist. W need to
know what we are normally exposed to, not only

exogenously maybe by our nutrition but also by the

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 72

endogenous exposure. Nowadays, we have the neans to
measure that. It is not the situation of 30 years or
50 years ago. And as Dr. Kyrtopoul os pointed out, |
t hink one biomarker that is already very well usabl e,
that is 06-nethyl guanine. And again, we have to have
t he adequate PBPK random nodel s and cone to nunbers
that are really dependable. | think it is very
| nport ant.

DR. ATRAKCHI: Thank you. And Dr.
Bucher .

DR. BUCHER: Yes. | agree that the
| nproved net hodol ogi es have i nproved data for
endogenously generated nitrosam nes and are very good
and very useful in this context. | am sonewhat afraid
that it is going to take quite a while to generate
this information and to be able to actually contribute
to this discussion. | think it is going to be perhaps
necessary to make sone ot her considerations that |
think will be comng out in the discussions to sone of
t he ot her questions later on. So, | would hope that
we woul d keep experinmental work going in this area or

restart experinental work in this area. | think there
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are sonme practical issues related to the timng of
generating data to answer the questions that are
really, really on the table at the nonment. Thank you.

DR. ATRAKCHI: Thank you. And Dr.

Zei ger.

DR. ZEI GER: Thank you. | think the
earl i er speakers have pretty nmuch covered all the
points pretty well. One additional item | would Iike
to interject is whenever we do these types of studies,
we assune that the kinetics and the potency of the
mut ageni ¢ or carci nogenic response will be simlar in
humans and in the test rodents. And we know at | east
from mutagenicity studies that there is quite a bit of
difference in the rate of activation by liver of these
various nitrosamnes and differs quite w dely just
between m ce and rats and hansters where we have dat a.
We have no idea how those neasurenments would transl ate
to a human exposure in a human situation. | just
wanted to raise that point now But other than that,
| have nothing to add.

DR. ATRAKCHI : Thank you. Very good

points. And Dr. Adanson.
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DR. ADAMSON: | think the talks by Dr.
Ei senbrand and Dr. King were very helpful, but | think
the additional coments that Dr. Ei senbrand nade are
particularly inmportant because the endogenous
formation from both the data and the |iterature and
what Dr. Kyrtopoul os presented shows nmagnitudes of
formati on of endogenous nitrosan ne, particularly DVNA
much hi gher than we are getting in the nedicines in
which it has been detected. So, | think with the
newer techni ques, analytical techniques need to be
applied to both endogenous formation and particularly
also with food. Because the anount in food varies
fromcountry to country with the current anal ytical
techni ques and al so vari es between vari ous
I nvestigators. So, | think using the new anal yti cal
t echni ques shoul d hel p us because at the present tinme,
t he endogenous formati on of nitrosam nes and the
amount in food overwhel ns what has been found in the
medi cines to date. So, | would enphasize that what
Dr. Eisenbrand said, we need to go back and | ook at
food and endogenous formation with the newer

anal ytical techniques. Thank you.
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DR. ATRAKCHI: Thank you. And Dr.

Di Novi .

DR. DINOVI: | don't actually have much
to add, but based on what we just heard there, | would
agree. It does appear as though the endogenous

exposure is going to overwhel mthe food. There are
differences fromcountry to country, but it is
conforting that if you | ook at the surveys that have
been done -- and I'll talk a little bit about this
this afternoon probably -- they are relatively

simlarly, and the role in that sub 1 m crogram a day

range, endogenous w |l have to be considered further.
Thank you.

DR. ATRAKCHI : Thank you. | think we
wll discuss this a little bit later on with the other

guestions. But one issue that to nme seens very

| nportant is we need to have anal ytical nethods that
can di stinguish between endogenous and exogenous
formation. O herwi se, the data will not be very
accurate. Wth that, | would like to nove on to the
second questi on.

Can nitrosam nes be classified? |If

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 76

yes, what is the basis of their classification? Could
t hey be cl assified based on carcinogenic potency, on
their chem cal structure, on the chem cal reactivity,
direct al kylating agents versus those that require

met abol i sm or based on the adducts that are forned as
just heard, the 06 or the N7 nethylation? Any other
basis for classification? And once we choose a
classification, what is the basis of using that over

t he other ones? |If classification is not possible, is
it feasible to calculate a single, acceptable intake
value for nitrosam nes? That is we can cone up with a
class-specific limt using the existing
carcinogenicity study results of over 100 nitrosam nes
irrespective of the study quality. |t seens that the
mai n concerns for pharmaceuticals and nmaybe

bi ophar maceuticals are the volatile nitrosam nes in
particular. As noted earlier, since the discovery of
the toxicities of these nitrosam nes, nuch of the
car ci nogen assessnent studies were done in the '70s

t hrough the '80s and early '90s by scientists here in
the U S., as well as abroad, sone of whom are as we

al ready noted are here with us today on the expert
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panels. Nitrosan nes were shown to be toxic, both in
androgens and carci nogens. They are al so teratogens.
They have a wi de range of potency on order of
magni t udes, and the mpjority cause cancer in around 40
ani ml species. They cause tunors in nmultiple organs,
di fferent durations of exposure, sone would induce
tunors after a single dose even though their half-life
Is short within a few hours.

They al so have different |[atency. All
of this nmakes classification of nitrosam nes that are
quite a bit difficult. However, it is an inportant
and critical aspect of what we are trying to discuss
today at this workshop. And with that, 1'd like to
start with Dr. Ei senbrand.

DR. ElI SENBRAND: Thank you, Dr.
Atrakchi. Again, a very inportant question is going
to the classification of nitroso conmpounds. Of
course, one can use a classification based on trying
to devel op a system for carcinogenic potency and
rating, and of course, that has been carried out
bef ore al ready, based mainly on the TD50 val ues t hat

are in the fornmer Gol d database and the CPDB. And it
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is a way of doing that. Probably at the nmonment, it
may be the best way to go on until further questions
have been addressed sufficiently such as the ones we
have just discussed before. It is the relation

bet ween the drug-nedi ated exposure to the exposure
that is comng from food unavoi dable or from
endogenous exposure. And | agree that this may need
sone tinme to systematically do the research that we
can depend on and for that time being, it may be the
best way to go just with the deferred proposal s of
group-specific values concerning the acceptable

I nt akes based on the TD50 procedure. So, this is a
way to go. And the second point, of course, it is a
conplex task, but it can be sinplified because we know
al ready about defined chem cal structures that inhibit
car ci nogenesi s or nmutagenesis. As we have heard,
these are the tertiary butyl groups, and these are the
I oni ¢ conmpounds |ike the nitrosated am no acids. And
on the other side, there m ght be also protonation
that is inportant to reduce bioavailability. So,
there are possibilities to ook into this with nore

defi ned questions to answer.
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The chem cal reactivity of course that
woul d be the first thing to consider, that
nitrosoureas for instance or carbamates or this other
conpounds that do not require netabolic activation,
they react by thenselves, and this is a consideration
that is also inportant when you consider stability
guestions. For instance, | would personally think
that nitrosureas are not really very stable, so it
m ght be that there cones stability issues into
consi deration showing that within a certain tinme of
| et us say storage of so, these conpounds may be done.
Of course, this is open to research. It has to be
really looked into quite closely. But just as a
potential point of view And what | would personally
think is very promsing is to use the biomarkers of
epilation. 06 nmethylation or carboxynethyl ati on or
sone others, | think that is a good way to go, and it
shoul d be really substantiated by I would say PBBK
nodel i ng of the enzynme activity that is going on and
formation and repair and all these things. | think we
are much better today to address these questions in a

reliable way. So, that could also be a good
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possibility.

In terms of other | do not have very
much further to add, and the classification | may | ust
recall you that EFSA (European Food Safety Agency) has
proposed a couple of years ago the margin of exposure
met hodol ogy where you use a benchmark dose as obtai ned
in animals, nostly on the | ow side of the dose
response score, at |east not nore than 10 percent
popul ati on percentage of the dose effect or even
| ower. And do that with the appropriate nodern
met hods of nodeling. And then if you have this BNDL
value or BNDL 10 or BNDL 5 or around that area or even
| ower, then to use for risk assessnent the distance to
human exposure. And of course, again, we cone back to
human exposure, but this human exposure | think has
consi dered overall exposure, the real-life exposure.
And then determ ne the margin of exposure between this
BNDL val ue and the exposure of the consuner nowadays
on average. That | think | would think is a good way
to good. EFSA has tentatively said that if this
margin i s nore than 10, 000, the space between the BNDL

val ue and the consunmer's exposure, then one could say
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that is of very |ow concern, no primary concern. And
| think it is a way of addressing these things. MW
| dea woul d be that this is also a good way to go. So,
| stop here. Thank you very nuch.
MS. ATRAKCHI : Thank you. Dr. Bucher.
DR. BUCHER: So, to ne the key to this
guestion is can nitrosam nes be classified. Wether
they should be classified or not, under certain
conditions, that is another discussion. But to the
guestion of can they be classified, | would agree that
there is a qualifying yes. Chem cal-structured-based
nodel s have been published, and do a reasonabl e job of
classifying nitrosam nes as carcinogenic or not. A
few nodel s have attenpted to classify nitrosam nes
according to their carcinogenic potency using the TD50
val ues as described earlier. And while | agree that
t he benchmark dose cal cul ati ons and the margin of
exposure nodels are better than the TD50s, given what
we have to work with, | think the TD50s are going to
have to remain as part of our considerations.
Ni trosam nes have al so been classified by quantitative

structure activity, relationships using structural
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alerts for carcinogenicity with some success, and of
course, expert judgenent and additi onal
experinmentation is also val uable and needed and w ||
need to be used along with nodeled results to inprove
the predictivity of these nodels. Many of the
nitrosam nes that have been identified as contam nants
in drugs require netabolic activation, so such things
as susceptibility to P450 hydroxylation in the al pha
carbon. And also inportant is the half-life of the
resulting diazoniumion and reactivity of the
carbyniumion. All of these things are very inportant
to consider with respect to expert judgenent, and

i ncluding in new nodels. To w dely use these
paranmeters, they would need to be predicted in many
cases, so this would reduce the confidence of the

out cones of some of the nodels. So, to nme, there are
a variety of classification nodeling approaches that
could be and have been applied to this question. But
so far, even the best of the nodels are only pretty
good. They are very far from perfect, and sone are
fairly conputationally intensive. As to which nodel,

| woul d choose for FDA going forward in the absence of
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anything better, | would choose one of the reasonably
predi ctive QSAR nodel s and i ncorporate carcinogenic
pot ency using the TD50 val ues and neasured with a
heavy dose of expert judgnent.

Turning to the question of the
feasibility of a single acceptable intake, | believe
this is possible. Again, and relying on the
car ci nogeni c potency database. |If one sinply scans
the estimated TD50 val ues for the over 100-plus rodent
carcinogens for nitrosam nes in the database, they can
reasonably be placed within some ranges. 1In a few
potent rodent carcinogens with a lifetime daily TD50
doses bel ow 1 ng/ kg, many of these have val ues between
1 and 10 ng/ kg per day and others between 10 and 100
or even higher. Those with a very high TD50s can
probably be ignored insofar as human hazards from drug
contam nation is concerned, and acceptable intakes
coul d be cal cul ated for substances falling within
t hese high potency ranges. And it seens reasonable to
use the European Medici ne Agency's proposed |inear
dose extrapol ation based on either the nobst potent or

the nmedi an nitrosam ne potency in the range to the
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risk level of 1 in a 100,000 as proposed in the AMA
report. Actual TD50 val ues or nodel ed estimates coul d
al so be used, but you should recall, of course, as
poi nted out earlier, the potency estimtes fromthe
rodent cancer studies are very inprecise. They depend
on a whole list of factors having to do with the study
design and the power to detect increases in tunors, to
study at length of the extent of histopathol ogic
eval uation in these studies, and other factors rel ated
to the way the study was perforned. Wth that said,
t hi nk the data probably have value in predicting
rel ative carcinogeni c potency and perhaps if used
within these various ranges of TD50s that |'ve
mentioned, they may be useful, and clearly, they have
al ready been incorporated into sone of the existing
publ i shed nodel s of nitrosam ne carcinogenicity. |
think I'll stop there.

DR. ATRAKCHI: Thank you. And Dr.
Gut t enpl an.

DR. GUTTENPLAN: | don't have too nuch
to add. | just have the feeling that we need to have

sone way of superinposing the difference between human
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met abol i ¢ activation of carcinogens and the rodent
data. | amnot sure the best way to do that but mybe
w th some nodel conpounds, at |least, it would be
possi bl e from what we know about human data to conpare
it to rodent data. And maybe there is sone way of
adjusting the carcinogenicity fromrodent values into
human val ues, possibly by looking at their ability to
form say 06-net hylguanine if you have a carcinogen in
rodents that is very good at formng it, and it is not
so good in humans it woul d suggest that there are
met abolic differences or pharnmacol ogical differences
that m ght account for these differences. So, | would
say the carcinogenic potency is the first stage, and
it is probably the best we have at the nonent. But |
woul d suggest that there are inprovenents that could
be made. And that is about all | have to say on the
| ssue.

DR. ATRAKCHI: Thank you. Dr. Zeiger.

DR. ZEI GER: Ri ght now what we use is
primarily mutagenicity versus non-nutagenicity, which
is at first the Anmes test, which is the first test

generally applied to these chem cals. And obviously,
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the ones that are nutagenic are presuned to be

carci nogenic. You know, unfortunately, as | have
mentioned, | think |I nmentioned before, the nutagenic
pot ency does not correspond to the potenti al

carci nogeni c potency with these chem cals. W have in
the Anmes test a nutagenic potency range of about four
or five orders of magnitude, but whether these conpare
with carcinogenic potency, they generally do not. W
heard before that, for exanple, nitrosodi ethylam ne
has a hi gher carci nogenic potency than the diethyl
form But in the nutagenicity studies, they have
equi val ent potencies. So, that does not help. |
think what we really need, and it has been addressed
before, is that we need to have nore information on

t he human net aboli sm of these substances. W do not
have very nmuch on in-vitro human netabol i sm using

ei ther metabolic inconpetent cells or just |iver
hombgenates. Wthout this information to conpare it
to the rodent information, | amnot sure if we can go
much further than going through just like basing it on
structure, basing it on DNA al kylation. Whether it is

possible to calculate a single acceptable intake, | do
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not think we have enough information to even address
that question at this point. And that is all | have
to say at this point.

DR. ATRAKCHI : Dr. Adanson.

DR. ADAMSON: | think the response that
Dr. Guttenplan made | would echo, that we have to
remenber this is a TD50 or benchmark dose based on
rodent data and that the human data both with regards
to activation of the carcinogen and the al kyl ati on may
be different. So, we have to keep that in mnd. But
at the present tinme, | would agree the best we can do
I's either use the TD50 or benchmark dose in rats. But
| think further work needs to be done to try to relate
this to humans.

DR. ATRAKCHI: Dr. Cronin.

DR. CRONIN:. Yeah, thank you. | firmy
agree with all of the previous coments, and when
considering classification, we need sonething to base
the classification on. W have the TD50. W al so
have the possibility of going to BNDL. | think, as
well, fromny perspective, it would be interesting to

review the data and see if we are just going to
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classify as carcinogeni c-noncarci nogenic, that is one
i ssue. |If we want to | ook for potency classifications
within the data, then we need to | ook at the data, and
| am aware, for instance, from Professor Eisenbrand' s
presentation, we talk about high potency. W talk
about | ow potency. And there have been sone efforts
to quantify that a little bit nmore. So, can we

I nvestigate the data to see if there are natural
fallouts in terns of TD50 or the BNDLs in terns of
potency. | also take on board all of the coments
about reactivity and metabolism | amintrigued to
know is there a direct correlation between reactivity
and carci nogeni c potency. | suspect not because of

all of the other issues that are involved in it. That
IS something again we need to tease out. Can we
measure reactivity itself? W have done in other

I nstances. For instance, for protein binding, or
probably we have | ess data for reactivity for DNA
binding. And | amintrigued by the suggestion. | had
not really thought it before, but | think it is an
excel | ent suggest to consider biomarkers, neasures of

reactivity, particularly if we can extrapolate up or
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we can use human dat a.
| would also like just to
think -- obviously we need short-term and FDA needs

short-term achi evabl e goals. A lot of those have been
articulated but also to think where we are going in
the future with aspects such as classification. |
would just like to raise the issues. For instance, it
can be given by Bayesi an nodeling probabilistic-type
nodel i ng of how we can incorporate data, how we can
i ncorporate know edge in different |ines of evidence.
So, that could be structural activity relationships.
That coul d be biomarker data or netabolismtype data.
And the reason | raise this is because it does give us
the possibility of being able to assign sone kind of
| evel of probability and certainty to prediction. And
| am very taken by the thoughts in the nonment of
rat her than thinking of a TD50 as a single value, it
Is a distribution, and what we are trying to do is
narrow that down to nake a decision. Such as, for
I nstance, to be able to find acceptable intake val ues.
Wth regard to acceptabl e intake

val ues, | do not have any nore specific comments. It
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does seema little bit analogous to TTC. | know t hat
I's probably a strange thing to say as we have al ready

i dentified the nitrosam nes as the cohort of concern,
which is automatically renmoved from TTC, but maybe
there are other ways or nore data or nore know edge we
can take fromthe TTC paradigm And just to nention,
there will be a workshop in Europe in the next few
weeks on carcinogenicity and updating the TTC paradi gm
for that. Oher than that, | do not have any nore
comments. Thank you.

DR. ATRAKCHI: Thank you. And
Dr. Kyrtopoul os.

DR. KYRTOPOULQOS: Thank you. | think
it has all been said actually. The only thing I would
add is that because a nunber of people refer to this
| ssue of using biomarkers, in other words the DNA
adducts generated by the nitrosam nes. The extent to
which they could serve as markers for potency or
mar kers of risk and so on. The trouble is that
despite all of the work that is being done on the
nitrosamnes, | do not think that we really understand

t he mechani sm by which all the carcinogenesis in
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sufficient detail. For the sinple ones |like

di met hyl nitrosam ne, the other nethylating nitroso
conmpounds, nethylnitrosourea, and so on. Okay,

06- net hyl guani ne seens to be potent in various anim
nodel s. But the m nute you go to nore conpl ex
structures, and especially with regard to the

chem cals out of concern in relation to the current

| ssue, drug contam nation, where the structures are
quite varied, and | do not think that some of them are
guantitated, and certainly the cyclic nitrosam nes and
so on, we do not really know whether it is

06- al kyl ati on or whatever other adducts are. So, | am
not really very optimstic that they woul d be, based
on what we know today, a very practical guide toward
hel ping us to classify. | guess if a chemcal is
giving rise to 06-nethyl guanine, yes, it would be
|ikely to be a nore potent carcinogen, but that does
not tell us nuch about many of the other chem cals.

So, | would eventually fall back to ani nal
carcinogenicity conbined with sone expert judgnent in
relation to chem cal metabolism conversion to

al kyl ati ng agents, and so on along the lines, which
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have been presented previously. That is it.

DR. ATRAKCHI : Thank you very nuch. W
are close to a break of 10 m nutes, but before we go,
| would like to ask all the other panelists if anyone
has anything to add for the first two questions that
we went through right now Please go ahead if you
woul d |i ke to conment.

DR. HECHT: Yes. This is Steve Hecht.
| think we need better neasurenents. | think there
are way now to | ook at DNA adduct formation in humans,
and | think we need to do that nore thoroughly, nore
precisely, nore reliably using the currently avail abl e
hi gh-resol uti on nmass spectronetric nmethods to really
determ ne how much rel evant DNA danmage cones from
nitrosam ne formati on and nitrosam ne exposure in
humans. So, | do not think we really have that data,
and it is quite critical for the risk assessnent.
Thank you.

DR. ATRAKCHI: Thank you. Anyone el se?

UNI DENTI FI ED PANELI ST: Dr .
Kyrtopoul os, you gave sone data fromthe blood |evels

of 06-nmet hyl guani ne and sort of extrapol ated back to
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an intake of dinmethylnitrosamne. |Is there any way to
determ ne how nuch of that came from DNN and how nuch
came from ot her sources?

DR. KYRTOPOULOS: Well, not directly,
but as | indicated in the beginning, |I am aware of
maybe a dozen chem cals, to which potentially there is
human exposure and which are capabl e of nethyl ating
DNA. There is s dinmethylnitrosam ne. W know ot her
chem cals to which humans are not likely to be exposed
| i ke methylnitrosourea. There are also chemicals |ike
di met hyl sul fate, iodide, and so on. There are
medi ci ne drugs such as tenozol om de, which all give
rise to DNA nethylation. W worked with quite a few
of those chemcals in experinental animals, in
rodents, and it turns out that NDVA really stands out.
It is the nost efficient generator of 06-methyl guanine
i n blood DNA. | enphasize that | am speaki ng about
bl ood because bl ood does not netabolize nitrosam nes.
So, it gets nethylated as it goes through various
ti ssues that generate the internmedi ate nethylating
agent. So, keeping in mnd how likely people may be

exposed to these chem cals that | have naned, one does
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not have very nuch left. Endogenously generated am no
acids, glycine for instance. Carboxynethylate and
met hyl ate, so that is a potential source of endogenous
nmet hyl ati on. However, fromthe data that we have, the
met hyl ating ability of that intermedi ate because it is
a stable chem cal seens to be quite low So, taking
everything into account, animal data, aninm

dosimetric data and human exposures, NDMA seens to be
the nost |ikely source of this adduct.

UNI DENTI FI ED PANELI ST: How about NNK?

DR. KYRTOPOULOS: NNK on a per dose
adm ni stered dose basis it nethylates nuch | ess than
NDVA. Dr. Hecht nmay have the nunmbers. | do not have
themin my mnd right now, but | remenber at the tine
when we worked on it, it could not be conpared with
NDMA.

DR. HECHT: Yes, that's correct. W
conpared that -- we published a paper in 1986 on that.
NDVA is a better nethylating agent, but also NWK

DR. KYRTOPOULQOS: That's right.

DR. ATRAKCHI: Okay, then. Thank you

very much. And we will take now a 10-m nute break,
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and we'll resune at 11:40. Thank you.

MS. PAINTER:  All right. It is just
one mnute after 11:40, so, we are going to begin with
t he next questi on.

Just as a rem nder for everybody,
pl ease utilize the Q&A box, to submt your questions.
VWil e we do have a team of people noderating the
guestions, please know that we will not send a
response. However, if you see that your question is
di sm ssed, that neans that it has been received and
sent to the noderators. Thank you.

DR. ATRAKCHI : Thank you. W npbve on
now the third question.

The carci nogenic potential of
nitrosamnes is dose and duration dependent. 1Is there
an in-vivo exposure |level for nitrosam nes that could
define | ow versus high risk for carcinogenicity? Is it
appropriate to cal cul ate a now observed-effective-
| evel dose for carcinogenicity? Wat are the criteria
to do so? Wuld a resultant in an Anres negative be
adequate, in vivo mutation assay negative, or another

ot her test?

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 96

The second part of the question is can
a less than lifetinme approach as described in W
GQui dance be used to determ ne the acceptabl e intake of
nitrosamne if the drug is indicated for a short
period of use?

Based on the discussion so far with the
under st andi ng that humans are exposed endogenously and
exogenously to nitrosam nes, we know sone of the
phar macoki netics. W also know that DNA repair
capacity varies trenendously anong humans as well as
anong animals. And there is also the | ess ideal
quality of the carcinogenicity studies conducted with
nitrosamnes. Wth all of this in mnd, can a NOEL be
identified with confidence? Sone of the studies have
shown cl ear and abrupt transition to a no effect.

Ot her chem cal s showed gradual change with a
curvilinear dose response and a signoidal in the | ow
dose. Another consideration to keep in mnd is the
dose rate, is the interval between the doses and how
woul d this affect the DNA repair. Earlier studies
have show cancer rate is independent on age, and DEA

for exanple when adm nistered at the sanme dose to

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 97

ani mal species of different |life expectancies all
ani mal s devel oped tunors at the sanme rate and tine.
Regardi ng the second part of the question, a

| ess-than-lifetinme approach, how reliable are the
nodel s that extrapolate from|long to short duration.
What is the npdel sensitivity and the shape of the
response, nonlinear versus threshold, for exanple. In
the end, can an acceptable cancer risk be achi eved
based on exposure to a predefined Iimt for one or
nore nitrosam nes that are known to be potent

mut ageni ¢ car ci nogens when exposed only for a short
period of tinme?

W will start with Dr. Bucher.

DR. BUCHER: Thank you. You laid out a
| ar ge nunmber of questions there that are quite
difficult to respond to, but I wll start with the
guestion of whether there is an in-vivo exposure | evel
for nitrosam nes that could define | ow versus high
risk for carcinogenicity. | think that one nust
sinply take a practical approach to this question and
| ook at the approach that has been laid out in the

Eur opean Medi ci ne Agency's report. As an exanple, a
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practical answer would have to be that an in-vivo
exposure | evel of high-risk would sinply be the

adj ust ed human dose representing nore than a 1:100, 000
ri sk cal cul ated based on the carcinogeni c potency

dat abase. This would nean that a nitrosam ne dose of
hi gh risk would be one with a TD50 extrapol ated dose
of greater than 1.5 ng/ kg per day for a nitrosani ne
with a TD50 less than 1.5 ng/ kg per day. By
definition then, a human nitrosam ne exposure of | ow
ri sk would be an extrapol ated TD50 dose of |ess than
1.5 ng/ kg per day for a nitrosamne with a TD50
greater than 1.5 ng/ kg per day.

And with respect to the second question
about it, is it appropriate to calculate a NOEL dose
for carcinogenicity? | personally do not think that
t he concept of an experinmentally derived NCEL is
appropriate for genotoxic carcinogens and generally
for genotoxic conpounds in general. In the exanple |
just nmentioned, the NOEL is in essence the dose
defining the risk level |ow or below 1:100, 000 because
this is a generally agreed upon acceptable level. A

second hypothetical NOEL in the dose where the
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addi tional risk from exposure to an exogenous
nitrosamne falls below the risk fromnitrosam nes
t hat are generated endogenously. In this case, | see
two ways of looking at this information. One is that
a | ow NOEL woul d sinply be the exposure dose where the
ri sk presented by the exogenous nitrosam ne is bel ow
the absolute total risk from endogenously generated
nitrosam nes. The counterview would ignore the risk
from endogenously generated nitrosam nes and consi der
t hat exogenous nitrosam ne exposures woul d al ways
present an additional increnmental risk that can be
calculated as in the exanple |I nentioned earlier. |
beli eve the second view is nore ethically defendable
and that an increnental risk is still a risk. | note
that this concept is going to be further discussed and
addressed in Question 5, so | will leave it at that
for now.

Wth respect to the less-than-lifetine
acceptable daily intake approach as outlined in the
| CH M7 CGui dance, | understand the concerns, especially
those that you nentioned, given the experinental

ani ml cancer data that m ght | ead one to question
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whet her this is an appropriate practice based on data
on the observations of the higher potency of sone of
these nitrosamnes if given in say high dose post
dosing rather than in long lifetime |ower-|evel doses.
But | amin general agreenent that given | ow doses
that correspond to the very low risk |evels that we
are tal king about, the 1:100,000, that to exceed the
acceptable lifetinme intake levels for shorter periods
of tinme probably does not represent an unreasonabl e
risk for adults and likely for patients starting even
at younger ages. But when you consider that sone of
t hese nodel s of short-termrodent cancer studies,
especially the neonatal nopuse nodel, in particular in
their response to short exposures to genotoxic agents
show ng carci nogenesis, | would suggest that based on
these that the risks of the less-than-lifetine
approach may be nore significant in children, and |
think that this whole area needs a whole lot nore
di scussi on and careful consideration. Thank you.

DR. ATRAKCHI : Thank you. Dr. Adanson.

DR. ADAMSON: | would agree that use of

t he dose for additional risk of 1:100,000 woul d be
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appropriate. | would say to use the benchmark dose
rather than the TD50 woul d be appropriate fromthe
rodent data, remenbering you are extrapolating from
the rodent data. But | would also say that with
regards to the second part of the question about a
lifetime approach, yes, | think it is appropriate
because | believe that the induction of cancers, dose
times tinme plus the repair nmechanism so | think the
use of a lifetinme approach is fine, but if it is a
short duration of use, | think the present application
that FDA uses is appropriate to determ ne the dose.

DR. ATRAKCHI : But are you saying that
the use -- you are agreeing to use the
| ess-than-lifetime approach if the nedicine is used
for a shorter period, not a chronic use, you are
agreeing to adjust for that or not?

DR. ADAMSON: Yes, |'m saying that |
think you can adjust for the fact that it is less than
alifetinme use.

DR. ATRAKCHI : Okay. Dr. Kyrtopoul os.

DR. KYRTOPOULOS: Yes. Well, | am

trying to think a little bit in kinesthetic ternms. |
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woul d like us to renmenber the Peto rat nega bi oassay
that is used to derive what is today considered the
acceptable intake. In that study, what they observed
a dose response curve for the induction of liver
cancers, which was hockey stick-shaped as it was
called. We have the slide. On the right, the dashed
| i nes show t he dose response for the induction of
different types of liver cancer in the Peto bioassay.
It was expressed with it by a paraneter called the

Wei bul | index. And you can see that at a dose rate of
about 200 ncg/ kg per day, there is a sharp upward
turn. However, below that exposure, the dose response
curve was described by Peto as linear with no evi dence
of a threshold. And this linearity in absence of a
threshold ties up with the data that we have on
adducts in rat liver, which is a continuous |line
above. This is the data formation from an ani na

whi ch basically replicated, repeated the Peto

bi oassay. And you can see that the other dose
response is pretty linear all the way down to very | ow
doses. So, there is no break in the other dose

response curve. What happens around 200 ncg/ kg per
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day is that there is an increase in the induced cell
proliferation in the liver, and that is one factor,
which contributes to this upward turn of the

car ci nogenesi s exposure response. So, both on the
basis of the bio assay and the adducts dose response,
t he dose response at | ow dosages is linear, and there
is no evidence of a threshold. W should say, of
course, that this is what happens in aninmals, in the
rats. We do not know whether the sane thing applies
to humans, and it is actually sonething that was

al ready pointed out in the Peto paper. However, based
on what we know fromthe aninmal data, we do not see
any evidence of a no-effect dose.

So, can turn to the second question
regarding the application of a |less-than-lifetine
approach? Carcinogenesis is a function of the
accunmul at ed dose, the accunul ated carci nogeni ¢ damage.
But it also depends on additional factors as we see.
It may be cell proliferation, maybe ot her bi ol ogical
phenonmenon, apoptosis, and so on. As far as the DNA
damage part is concerned, the fact that we have |inear

dose response neans that it is defensible. It is
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acceptable to accept an exposure to a higher dose for
a shorter period of tinme because the integrated
overall lifetinme exposure in ternms of DNA damage woul d
remain the sane. On the other hand, we do not know
what the dose response relationship is with regard to
the other factors, which contribute to the

carci nogenesis overall. So, we do not know how cel
proliferation or the reduction of cofactors and so on
may vary if tenporarily increase the dose. It is not
So easy to say that the effect of a higher dose for a
shorter tinme is equivalent to a |ower dose for a

| onger tinme. Nevertheless, on the other hand, we do
have the real problem of the possibility that we may
have to live with the presence of an undesirable
chem cal in a nedicinal product. So, | think the
overal | evidence that we have here would make it
possible -- it would be acceptable for ne to accept a
hi gher than the lifetinme-acceptable intake limt.
However, one should have in m nd the unknowns, which
are present, and keep this exceedance as | ow as

possi ble. That's all.

DR. ATRAKCHI: Dr. Zeiger.
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DR. ZEI GER: Thank you. M comments
are nostly regarding to cal culation of a NOEL dose of
carcinogenicity. And |I've never been a big fan of the
NOEL cal cul ation because it is very highly dependent
on the test protocols that are used to generate the
data. For exanple, you know, npst carcinogenicity,
nost in-vivo nmutagenicity studies are done at subtoxic
doses for in-vivo for long-term subtoxic doses,
wher eas the human exposure is generally on orders of
magni tude | ower. And we assune that there is a linear
extrapol ati on, but also that extrapolation is based on
t he dosing and dosing reginen that is used in the
studies. | think we already classify chem cals of
nitrosam nes as Anes test negative and Anes test
positive. Wth Anes test positive being presuned to
be carcinogenic unless they are shown ot herwi se. And
the mpjority of Ames test negative studies to ny
know edge are noncarcinogenic. Wth regard to using
i n-vivo nmutation assays, we do not have that nuch data
on nitrosamnes fromthe in-vivo studies. The in-vivo
studies tend to be |l ess sensitive than the in-vitro

studi es, and they are al so conducted at high subtoxic
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or up to toxic doses, but the advantage to themis

t hey are done on bl ood cells, whether red or white

bl ood cells, which have been shown earlier to be good
I ndi cators of the maxi num DNA damage dosi ng you are
going to get in-vivo. So, the nutagenicity of gene
tox studies can be used to at classify the

nitrosam nes, but with regard to the potency, | am
still stuck with the information that | have that the
potency at least in the in-vitro studi es does not
predict the potency in-vivo, and we do not really have
much date to determ ne how well the potency of the

I n-vivo nmutation assays will predict the predict the
potency of the cancer assays. The DNA adduct data nay
be linear, but to go fromthe DNA adduct to a nutation
requi res a nunber of steps, sonme of which are toxic,
sone of which will produce a nmutation. Then, to go
fromthe nutation to the cancer, you need another
nunber of stages, any one of which could fail and not
give you a cancer result. So, the linear

extrapol ation froman adduct to a nutation is still
very tenuous. | think we have seen that the adduct to

mut ati on studi es where we have the data tend to be
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nonl i near i n appearance.

Wth regard to the I ess-than-lifetine
approach, | think that is an inmportant consideration.
And as we have shown in sone of the neonatal nouse
studi es, which are nentioned, a short-term dosage
approach in younger aninmals, in neonates, can give you
different results than the same approach in adult
animals. So, the less-than-lifetinme approach really
needs to be investigated a ot nore with regard to
nitrosam nes.

And | think that's it for ne.

DR. ATRAKCHI: Thank you. Dr.

Ei senbr and.

DR. EI SENBRAND: Everything has been
said already to that question. | think personally I
woul d not favor very nmuch an NOEL approach. In ny
opinion, it is better to use the BNDL approach,
especially since the BNDL approach takes consideration
of the whole dose range with a specific regard to the
| ow-dose range. And that is why | think it appears to
me as nore stringent than the TD50 based val ues

concerning NOCEL. And that is the one thing. The
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ot her thing, the correspondence between Anes positive
or negative and carcinogenicity positive and negative,
whi ch Zei ger had already alluded to very convincingly.
So, to ne the less LTL approach, the second questi on,
| think the reservations concerning the LTL approach
consi der mainly because of the possibility of
intervening repair. And | think this question needs
to be decided with respect to the expectabl e dose that
I's being taken up by the drug as a contam nation or by
ot her ways because this fear that the repair,
especially the denethylase repair, the
06-denet hyl ating repair may be not really substanti al
in this very |ow dose that we are discussing at the
nmoment. So, fromthis point of view, | would think,
yes, one could use the LTL approach at least for a
certain time until scientific evidence shows that it
Is useful or even it is not. |In that relation, |
woul d al so nention that there has been a very thorough
dose response study by the Dulthai [ph] G oup many
years ago in the '60s where they used DNA in very

w dely spaced daily dosage, com ng fromthe upper end

of about 10 ng/ kg down to as |ow as 70 ntg/ kg
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bodywei ght. And there it is quite interesting to see
that the slope of all these dose responses remins
very parallel, very simlar down to the | owest |evel,
which still within a lifetine | npost say, an extended
lifetime of three years of the rats still produced
tunors. So, the overall cunulative dose dimnished in
response to the lower daily dose quite significantly,
whi ch shows that even at the very | ow dose end and of
70 ncg/ kg bodywei ght per day, there is a sort of --

wi t hout any | osses actually of the carcinogenic
activity. Let's say the DNA nutations used by
diethylnitrosamne, there is still a clear dose
response seen. So, they calculated fromthis dose
response, the time dose with an exponent of 2.3, so it
Is a very inportant paranmeter to consider that the
time of these nitroso conpounds goes in a
relationship. And so, maybe that the LTL approach
really is defendable when we are in the very | ow dose
range. The dose range should be connected to

I nduction of tunors, at |east as animal experinents
teach us.

DR. ATRAKCHI: So, to your point
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towards the end, do we know with reasonabl e accuracy
that the DNA repair nmechanisnms in enzynes do not get
saturated, animls or humans, when we give a |arge
dose of a nitrosam ne? And that is not
necessarily -- we have to clearly understand whet her
this nitrosamne is comng fromthe nmedicine, not only
t he nedi ci ne al one, but obviously we need to take into
consideration the collected totality of all sources of
nitrosamnes that are taken in. W do say it is dose
and duration dependent, so going to taking a big dose
of nitrosam ne, are we saying that is okay to adjust
because the DNA repair nechanismis capable of that.
And so, | have another question, but can anyone
comment on this?

Per haps to address your question
directly, the question always is what is a big dose.
| would not think that in the dose response
rel ationship the upper dose range would be useful to
consider. | think that this exercise in risk
assessnment beyond the | ower dosage definitely. |f not
on a very |low dosage, and there | think it is probably

not really of great relevance that we have to consider
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saturation effects of this denmethylase. As soon as
you go into the higher dosage, then certainly you have
this quite clear.

DR. ATRAKCHI : Ckay.

DR. ZEIGER: 1'd like to address this.

DR. ATRAKCHI : Yes, please.

DR. ZEI GER: Renenber, there are sone
studi es many, many years ago with regard to you
tal ki ng about DNA repair enzynes but also netabolic
enzyme, whether they are saturable. | recall sone old
VMN studi es where once you get above a certain dose of
VWMN -- | don't renenber if it was rat or nouse -- that
you start getting kidney tunors in addition to the
| iver tunors because you are saturating the |iver
met abolic capability. Wth regard to DNA repair
enzynmes, there are two different categories. There
are those that are constitutive, which neans you
al ways have a certain level of that repair enzyne
available in the cell to address the damage, but you
al so have the inducible enzynes, which neans you have
to get to a certain |evel of DNA damage before that

enzyme is induced. So, you can get saturation in a
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way. You can get saturation of the constituent
enzyme, and presumably, you should al so be able to get
saturation of the inducible enzyme at hi gh enough

| evel s of damage.

DR. EI SENBRAND: | totally agree with
that. | nmean, that's quite clear that you can get
separation, especially the experinments where we
receive the kidney tunors that happens at high
dosages, sonetinmes even at one single dose. You do
not see liver, but you see kidney tunors. But as |
said, | think we need to mainly concentrate on the
| ow- dose range because | would not think or I would
not expect that enzyme saturation plays any role with
t he dosage where we are here.

DR. ATRAKCHI: And this is even taking
i nto consideration the exposure fromthe nunber of
sources that we have already discussed fromthe
environnent, fromthe food. The people's habits.
Some of themw ||l eat a | ot of snoked foods, snoked
fish, and so on. W are not only addressing the | evel
of nitrosamnes in the drugs. W know these are

conparable to other sources that could be lower. You

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 113

all are taking that into consideration, the nmultiple
sources, is that correct?

DR. ElI SENBRAND: Well, by and | arge, ny
i npression is that fromthe nultiple sources we have
to consider, it is mainly the food because water is so
|l ow that in that sense | do not think of any
rel evance. And the exposure fromfood still is very,
very low. | nean it is in the Iow m crogram a day
range, which is nanogram kil ogram body wei ght. So, |
woul d not expect that it is the nitroso conmpounds
thenselves, if there is any influence on enzynes that
activate or deactivate in ternms of saturation, as wel
as in terns of repair adducts.

DR. ATRAKCHI: Okay. One nore
question. |t seens |like at | east based so far on the
di scussion that potentially the less-than-lifetinme
approach could be applicable to the nitrosam nes that
we are addressing here. |If that is the case, would
safety factors need to be considered and i ncorporated
based on age? And | say this because -- first of all,
M7 does not ask and does not require additional safety

factors. That is one issue is that it is not -- we do
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not use safety factors in M/. Also, our colleagues in
the Center for Foods in FDA do not adjust for |onger

| i fespans, and they use nodels that they estinmate now
much specific food ingredients is consuned based on
surveys of dietary habits. For exanple, they can
limt the analysis to people who consune cheese on a
daily basis. Neverthel ess, EPA does not assess for
carcinogenic inmpurities in fruits, but they do use
safety factors to determne limts in pesticides that
are used on foods. So, would you recomrend adj usting
for less-than-lifetine between | et us say pediatric

I ndi cations versus adults -- nedicines used for
adults? This would be sonewhat not under the gui dance
of M/, but would you recommend that based on the

ni trosam ne as carci nogens.

DR. BUCHER: This is John Bucher. This
is a very difficult question, of course, and | think
that one m ght pay attention to any kind of
information that is avail able concerning the
devel opnent of aspects of various repair enzynes
according to age. Pay attention to the P450 profile

changes with respect to the devel opi ng indivi dual .
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Certainly, we know they change probably in life.

Conj ugation reactions change, so all of these things
tend to contribute |I think to a higher sensitivity of
early life stages to carci nogeni c exposures. So, |

t hi nk that unless one takes into consideration the
profile of all of these activities, it is really hard
to deci de whether you need to particularly adjust by a
certain factor. That would be nmy response.

DR. ATRAKCHI : Thank you. And
Dr. Kyrtopoul os, would you like to comment ?

DR. KYRTOPOULOS: 1'd like to say
sonet hi ng about the previous discussion on this
guestion of DNA repair and how it may be affected if
one is exposed tenporarily to higher doses. | really
do not think that with the kinds of exposures that we
are speaki ng about even though once potentially com ng
fromthe contam nated drugs, there is any |ikelihood
of any significant exhaustion or any significant
depl eti on of the al pha transferase. |If you just |ook
at the diagrans fromthe Peto study where the exposure
rates that were used, they go up to quite |l arge doses.

In the ani mal experinent that we did, there was no
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depl eti on, no change in the al pha transferase in the
MGMT | evel s throughout this range. And if you think
about the adduct levels that are likely to be
generated following an intake of a contam nated drug
contai ning NDMA, | think that the adduct |evels that
are likely generated, it is concerning. But | think
it is very unlikely that they would significantly
| npact on the pull of the repair enzyne. So, | would
not count this factor as one of the itens to consider
in trying to decide whether an LTL approach is
appl i cabl e or not.

DR. ATRAKCHI: Thank you. I'd like to

ask Dr. Rice to make comments on this question, on

Question 3.

DR. RICE: (No response.)

DR. ATRAKCHI: Wbul d anyone el se |ike
to coment? We'll get back to Dr. Rice in a nonent.

DR. ZEI GER: Yeah. | have a comment.
We have been considering thresholds nmainly with
response to data on liver carcinogenesis, and that it
Is very unlikely it gets saturated at doses that would

be achi eved just by intake of contam nated drugs. How
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about ot her organs, though? What is known about the
capacity, the 06-nethyltransferase repair in other
organs? Does anybody know?

DR. KYRTOPOULOS: May | conme in? My |
respond?

DR. ATRAKCHI: Of course. Certainly.

DR. KYRTOPOULOS: The al pha transferase
has been nmeasured in a nunber of human tissues. As
far as primary human tissues are concerned, they al
contain quite significant |levels. The liver usually
has the highest level, but the |owest |evels that have
been neasured maybe |l et us say five tines |less. Even
in tissues with relatively |ow |l evels of alpha
transferase, this is orders of magnitude higher than
the |l evel of others that we are likely to see com ng
fromall of the environnmental exposures and the
contam nated drugs. O course, there is always the
possibility that there may be small subpopul ati ons of
cells, which are even nore repair deficient. But
again | enphasize as far as primary human cells are
concerned, | amnot aware of any deficiency. Cancer

cells? Yes. There are cancer cells where the

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 118

expressi on of the MGMI has been | ost but not in
primary -- | amnot aware of data in primary cells
showi ng such an effect.

DR. ADAMSON: Thank you. | would Iike
to make a comment on this question.

DR. ATRAKCHI: Of course.

DR. ADAMSON: We did an experinment in
nonhuman primates primarily Cynonol gus nonkeys to do a
dose response to adm nistration of diethylnitrosam ne,
and we used at |east 10 animals per dose starting at
six nonths of age. And what we found with the
di et hyl ni trosam ne giving doses of 40, 20, 10, 5, 1,
and 0.1 ng/ kg once per week. A clear dose response
occurred. At the |ower doses, we did not get any
tunors at all as long as we did the experinent and
when the nonkeys were sacrificed, nor did we determ ne
any lesions in the liver or in the organs. That was
about 16 years after dosing. The lifetinme of
cynonmol gus nonkey is about 20 years. At the | owest
dose, only 10 animals per group. At the highest dose,
we got 100 percent tunors of the dose of all of the

ani mal s, and there was dose response with regards to
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both the | atent period, as well as percentage of the
tunors. And it was a pretty linear response until we
got to 5 ng/kg and at 1 ng/kg. W got 40 percent of
the animals. Again at 0.1 ng/kg, there were no tunors
when the study was stopped. Mnimally, this is only
10 animal s per group, but it is admnistration of a
very potent carcinogen, diethylnitrosam ne, which at
that top dose 40 ng/ kg, we got 100 percent of the
animals with a hepatocellular carcinom. So, there is
a clear dose response and a clear |atent period over
the lifetime of the aninmals.

DR. ATRAKCHI: Thank you. Dr. Rice,
woul d like to conmmend on Question 3?

DR. RICE: Thank you. | am having
considerable difficulty with the signal fading in and
out here. | do not have specifics to add to this, but
| want to express sone concurrence with first the
caution expressed about cal culating the NOEL dose of
carcinogenicity with a potent genotoxic agent |ike any
of the nitrosam nes under discussion. And | do not
think it is really practical in a conparatively

| ow-dose range to attenpt to identify in-vivo exposure
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that would rather absolutely define | ow versus high
risk. | do not see how the continuum that is
response, can readily be found in these agents,
except, of course, as the dosage becones very, very
much hi gher in any of those that would be experienced
by anyone fromtaking any of the drugs that are under
consideration. Wth that, | have nothing nore to add.
DR. ATRAKCHI : Thank you. | would Iike
to go back to one point we nade here in the question,
which is Anes negative. W use Anes negative as the
first step or the first test to determne if a
chem cal is nutagenic or not. Sonme of those
nitrosam nes could test negative in the Anmes test.
This is difficult for us to decide that this would be
accept abl e, even though the Anmes test was conducted
properly under GLP in a valid test, but the result is
negative. What would you recomend? Wuld you accept
a single, well-conducted valid Ames test to concl ude
that a particular nitrosanm ne is negative, is not a
mut ageni ¢ agent? O would you follow this up with an
I n-vivo gene nutation test or any other followp

mutation test to verify the negative result?
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DR. ZEIGER: This is Dr. Zeiger. Wth
regard to the negative Anes test for nitrosam nes, the
response on the Anes test for the nitrosamnes is very
speci es specific and very protocol specific.

Initially, dinmethylnitrosam ne was reported as
negative in the Anes test until people started

i ncreasing the relative |liver honbgenate concentration
to VMN concentration, and then it becane positive.
Simlarly, you have different potencies of responses
when you test the same chemical using rat liver, nopuse
| iver, or hanster liver, to the extent if you are
using rat liver, which tends to be the | east sensitive
to the nitrosanm nes, you nmight get a very weak or
negative response with rat liver but m ght get a
fairly potent response if you are using nouse |liver or
hanmster liver. W do not know which one of those
livers is nobst conparable to what woul d be obtained
with humans. So, as far as | am concerned, even a
negative nmutagenicity study with nitrosam nes, if the
structure is such that you think it m ght be

met abol i zable. And Dr. Eisenbrand showed a nunber of

structures early on that you would not expect to be
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activated to al kylating agents. You know, if the
structure does not tell you that it should be or m ght
be negative, | would consider a negative Anes test as
not sufficient to say it is not going to be a

car ci nogen.

DR. ATRAKCHI : Thank you. Anyone el se
woul d |ike to comment ?

DR. ADAMSON: | would think you would
want to follow up with an in-vivo nutation assay
before | would accept a negative Anes test as being
possi bl e.

DR. ZEIGER: | agree to sone extent,
but the in-vivo assays tend to be | ess sensitive,

t hough it does not hurt to |ook at the in-vivo assays.
They are getting better every day. W are now able to
| ook fairly easily at gene nmutation, as well as
chronmosomal nutations in red blood cells, nutations
that were induced when the cell was still nucl eated.
So, a positive in-vivo assay would trunp negative
in-vitro assay. | agree with you on that. But
because of the variations and responses with different

protocols in the in-vitro assay, | would be rel uctant
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to conclude that sonmething is negative based on a
single assay with, for exanple, rat liver S9. Using
the standard OECB protocol. The OECD protocol is a
m ni mum protocol. It is not the definitive protocol.

DR. ATRAKCHI : Thank you. Anyone el se
who would |ike to comment on this?

DR. ADAMSON: Yes. The in-vivo
mut agenesi s assay picks up a nunber of conpounds. |
do not know about nitrosam nes but sone related to
nitrosam nes |ike di methyl hydrazi ne, which are
negative in the Anes assay but are positive in in-vivo
mut agenesi s assays. So, it is a good followp, but of
course, it is a lot nore expensive and a | ot nore tine
consum ng.

DR. ATRAKCHI : Thank you. So, |
under stand that even though not everybody responded to
this question, but the general agreenent is that a
negative Ames by itself is inadequate to concl ude that
t he conmpound is negative for nutagenicity.

There is one question fromthe
attendees. | wll read it. Wuld experts consider

there is a limt maxi num exposure for |ess than
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lifetime and nunber of nitrosamnes in a drug product?

Multiple nitrosam nes in drug products are not
in M/. The less-than-lifetine allows 80-fold

acceptabl e intake for 30-day treatnent, so that

limted

theoretically, the total exposure for nitrosam nes may

I ncrease to even mlligramanounts. Wuld anyone |ike

to comment on this?

| think that basically the question is

what is a | ow-dose range for a nitrosam ne exposure?

Maybe that is what the question is.
UNI DENTI FI ED PANELI ST: Coul d |

on that?

coment

DR. ATRAKCHI: Absolutely, please.

UNI DENTI FI ED PANELI ST: Just as

pragmatic answer -- | nmean | would personally orient

nmysel f on the unavoi dabl e exposure from foods.

nutritional exposure is there, and | think it is in

a

The

nost cases, it is considered to be sonmewhat higher

than the potential exposure from contam nated drugs.

But of course, that has be check in any case. And if
It comes to the nentioned dose |evel of mlligrans, |
would think this is in nmy opinion not feasible. It is
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far exceeding the levels of nutritional exposure.

DR. ATRAKCHI : Thank you. Anyone el se?

DR. KYRTOPOULOS: WMy | comment ?

DR. ATRAKCHI : Yes.

DR. KYRTOPOULOS: Surely, it would
depend very much on which nitrosam nes we are speaking
about. | nmean the idea of affecting a mlligram of
NDVA even for a few days is just not sonething that
one would consider. On the other hand, if it was
sonething like a nitrosoproline, which I know is not
the case for drugs -- | nmean a noncarci nogenic
nitrosamne, it would be a conpletely different thing.
So, one has to |look at specific cases. | do not think
we can put -- it would be a case-by-case eval uati on.
| do not think we can put a general nunber on this.

DR. ATRAKCHI: Okay. Thank you very

much.

So, we shoul d probably now break for
|l unch. We will conme back at one o' clock. Thank you
very much.

DR. ATRAKCHI : Wel cone back. It is

1: 01. Before we continue to the |ast question of
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t oday, Question 4, | would like to go back to Question
3 for a nonent. It is fairly inportant for us as
regulators to really understand a little bit better.
Wth your responses and your thoughts and the reasons
for your recomendati ons about Ames negative. The

I ssue we face is that a nitrosamne will be tested,
cones negative in Anes. They would repeat it. It
woul d be repeated let us say with a bl ood product with
a nouse or a hamster S9. The test becones negative as
well. So, let us address this scenario. Wuld that
be convincing that this nitrosam ne is negative in
Ames? |s not a nutagenic nitrosamne and will end it
there. And this nmeans froma regul atory perspective
that the next step is this inmpurity, nitrosam ne

i mpurity will be considered a regular inpurity,
meaning it will fall under I1CH QBA or B where it is
controll ed under nmuch higher levels than an inpurity
that is nutagenic. So, it is a very inportant

regul atory decision to nake to allow such a one-test
or two-test of a nitrosam ne of a negative nitrosam ne
in an Anmes test and then nove it fromthe category of

a cohort of concern to a regular inpurity. W really
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woul d i ke to understand from you your expertise and
your know edge of is this an acceptable or if one
conducts an Anes with an S9 fromthe rat and it is
negative, they followit up with an Ares using a

hamster S9, and it is negative, would they need to

confirm because we may have m ssed sonething -- those
tests have m ssed sonething -- and it has the nitroso
group. It is on structural alert. Woul d this need

to be confirnmed in a followp test, whatever that test
is? Whether it is an in-vivo nutation test or any
ot her that from your experience would provide a nore
reliable result? Anyone who would |ike to coment ?
DR. ADAMSON: | will start by saying |
t hi nk that you need an in-vivo followup, not another
in-vitro foll omup, regardless whether it is human
| iver, whether it is nonhuman primate |liver, whether
it is hamster. | think you need an Ames negative, and
t hen you need an in-vivo assay negative, fromny
perspective.
DR. ATRAKCHI : Thank you. Anyone el se?
DR. GUTTENPLAN: As | said before,

there are certain conpounds that are nore sensitive --
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DR. ATRAKCHI: Yes. Dr. Guttenplan?

DR. GUTTENPLAN: Yeah, as | nentioned
before, there are certain chemcals that are nore
sensitive in the in-vivo netagenesis assay than in the
Ames assay. And also in the in-vivo assays, you can
gi ve repeated doses over a |onger period of tine. So,
t he assay can be quite sensitive. As nentioned
before, also, it is nore time-consum ng and nore
resource-consum ng. And then assum ng you exposed the
animal for a sufficient time and sufficient dose and
you get a positive result, what does that nean? That
I s anot her question. |If you give enough of the
conpound for a long enough period of time, is that
rel evant to human exposure? So, that is just a
questi on.

DR. ATRAKCHI: Now, when we are talking
about in-vivo nutation assays from your
perspectives -- there are a nunber of them M has a
nunmber of themin their table over there in the
Gui dance. But clearly sonme of them are better than
ot hers and dependi ng as you indicated on the conmpound

itself, one would be preferable over the other. But ,
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whi ch ones would you think for a nitrosam ne woul d be
nore appropriate than other in-vivo nutation tests?

DR. GUTTENPLAN: | think for
nitrosam nes the Mitanpbuse assay, the Big Blue Assay.
There is a Japanese assay. | think it is GDL Mouse.
| am not sure of that, but that would al so be anot her
assay. Those are the ones that | amfamliar with
those, and those are pretty good for detecting
particularly relatively small nol ecul ar wei ght
| esi ons.

DR. ATRAKCHI: Very good. Thank you.
Anyone el se?

DR. HECHT: | think we have to consider
the carcinogenicity database that we have for
nitrosam nes. There are very few nitrosam nes that
are noncarci nogenic, really only the nitrosam no acids
with maybe a few other exceptions fall into that
category. So, | absolutely agree with everything that
has been said so far. Just a negative Anes is not
enough. You need to do an in-vivo test. You need to
have tested thoroughly before you can concl ude that

ni trosam ne conpound woul d be noncarci nogeni c or
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nonmnut ageni c. Thank you.

DR. ATRAKCHI: Yes. To your point, Dr.
Hecht, and also to Dr. Guttenplan, your coment, what
does it nean if it is in-vivo positive when the Anes
was negative? You are correct, but froma regulatory
perspective, the first test or group of tests, the
battery of tests is nutagenicity. Utimately, the
concern is carcinogenicity for risk assessnent. So,
this is why it is essential, and it is inportant and
critical for us to determne if the nitroso is
mut agenic. It is the first step, and that is why we
need to confirmif it is negative, why is it negative
in a mutagenicity test. What we need to do is a
foll owp, and that followp is an in-vivo nutation to
further verify the organ nmetabolic nmechanisns in place
and an in-vivo system physiological conditions to
make us at | east nore confortable in making the
decision if that nitroso is negative in the in-vivo
mutation. Utimately, it is the carcinogenicity, but
we cannot possibly continue with an inpurity such as
ni trosam ne and go ahead and conduct a

carcinogenicity, a two-year bioassay for every nitroso
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t hat has been detected. So, we are trying to be
reasonabl e and practical and resource-sensitive in
what we ask for, but we also need to make sure that it
is the public safety that is inportant.

DR. HECHT: Well, the first thing to do
Is to look at the structure and conpare it to the huge
ampunt of data that we have on structural aspects of
nitrosam ne carcinogenicity. You wll not find many
negati ves.

DR. ATRAKCHI: That is correct. That
I's the concern.

DR. BUCHER: This is John Bucher. |
think that if you are |ooking at doing an in-vivo
assay after a negative Anes, which | agree is the best
thing to do, | would encourage that there be a
requi renment that there be a couple of known
nitrosam nes running along with that assay, whatever
t hat assay m ght be, so that one could (a) nake sure
that that particular assay is picking up nitrosam nes,
and that (b) you have sone even inprecise idea of
rel ative potency.

DR. ATRAKCHI: Absolutely. A positive
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control of one of the nitrosam nes, which |ikely woul d
be NDMA or NDEA would be run in parallel in the sane
test. Anyone else from FDA who would |ike to comment
on this or add to this question that | know we all are
i nterested in having a discussion over?

DR. MCGOVERN: This is Tim McGovern
fromFDA. |'Il just ask -- and | think it was Dr.
Hecht who nentioned it -- that you are just | ooking at
the nitrosam ne database. There are very few
nitrosam nes that test negatively in a carcinogenicity
study. So, | guess | would just ask the question, is
there any concern even should one of these inpurities
test negative in an Anes assay or a nodified Ames to
sone degree and then a foll owp in-vivo assay, would
you still have any residual concern about its
carcinogenicity potential ?

DR. HECHT: | think if it was negative
in the Ames and negative in an in-vivo system assay
and you take a good | ook at the structure conpared to
what i s known about nitrosam nes of simlar structure,
| think you would be on solid ground to say that a

particul ar compound would |likely not show carci nogenic
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activity.

DR. ATRAKCHI: Okay. |If there are no
further coments on this question, then | think we
will nmove on to Question 4.

Okay. How would the risk assessnent
change when nultiple nitrosam nes are present in a
drug product? What are the key variables to consider
when conducting such risk assessnment? One nitrosan ne
coul d be nmutagenic carcinogen with another one that is
mut ageni ¢ carci nogen and so on. This is not an
unli kely scenario unfortunately. More than one
ni trosam ne has been detected recently in a single
drug substance and/or drug product. Wuld the risk be
additive or synergistic. Do we know how the in-vivo
PK or pharmacoki neti cs woul d change when we have
multiple nitrosanines in the same drug product or drug
substance? What is the efficiency of the DNA repair
to handle nultiple nitrosam nes at the sanme tine and
considering all of the other sources of nitrosan nes
together? | would like to start with Dr. D Novi.

DR. DINOVI: Thank you. As with the

guestions we have done so far, this is a very
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multilevel, nultifaceted question. M particul ar area
of expertise is on the exposure side. |I'mthe Dietary
Accessor on the Center for Food Safety. And when we
consider I will not say risk assessnent since
certainly substances added to food are not supposed to
present a risk, but you understand what | nmean. Wen
we are |looking a chemcally closely rel ated
substances, our default assunption is that the
effects, any toxic effects would be additive. And the
way we deal with that is sinply do the exposure in a
way of sinply adding the materials. Mre to the point
of the nitrosam nes here, though, there are cl asses
that conme back to nmy m nd, where the structures
present different toxicities, and what our

t oxi col ogi sts have done as have others around the
world is taken toxic equivalent factors into effect.
So, the way you deal with it in the assessnent, of
course, is you |look at the exposures and you wei ght

t he exposures based on the relative toxicities. It is
fairly straightforward and fairly sinplistic, but we
are also not | ooking at situations wth carcinogens

typically. These are in fact, but you are not | ooking
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at the kind of questions that we have here where it is
nonmnut ageni ¢ versus nutagenic. That part of the
answer to this question | amgoing to have to | eave to
our toxicology colleagues, and we can cone back if
there are other questions we want to talk about wth

t he exposure. So, let nme just pass it on at this

poi nt. Thank you.

DR. ATRAKCHI: Dr. Cronin.

DR. CRONIN: Thank you, yes. And | am
going to put a nmodeling slant to this. So, | think
the previous speaker set nme up quite nicely in many
ways because | was going to start off by saying, well,
really repeating the question here. The key
consideration is whether the concentrations, the
potencies are additive and whet her we can make an
assunption as we have just heard or what would we need
to assunme synergy. | wll start off by also passing
t he buck on the synergy question. | amnot aware of
synergi sns specifically in carcinogenicity. As | say,
Il will rely on the experinental toxicologists who
determ ne whether | amright or wong or whether we

need evidence on that. | guess where that may cone in

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 136

place is if we see things like increased netabolic
activation or knocking out of defense nechanisns. And
again, if we are going to assunme that from ny
sinplistic nodeling point of view, if we are assum ng
that sonme of the defense mechanisns are relatively
generic and unspecific, then we can probably assune
additivity. | agree with the first respondent. W
will consider simlar structures. W will work

t oget her and beat the additive. But we are assumn ng
in that the simlarity in mechanism simlarity in
potency, and simlarity in reactivity. This is quite
possi ble, but also let us bear in mnd the subtleties
of sonme of the reaction mechani sns, and we know we
have t hese what we know as activity cliffs when we
have the correct substitution patterns. So, here we
al so have a second opportunity to think about
categories and chem cal s and when can we | unp

t oget her, when can we group together nolecul es and
understand the problens. And al so where do we have
the data. And | am going to discuss data nore
tonorrow in the answer to Question 6. But we need to

consider it is not just a question whether we can
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group together, but do we have data to support any
argument. And al so think about the differences. W
are actually getting quite good in sone areas. | wll
talk again in nore detail about read-across tonorrow,
but we are getting quite good at understanding

di fferences between nol ecul es and what they may
potentially have. Here we can understand themin
ternms of reactivity and possibly bioavailability.

So, we also need to think about the
mechani snms of action and whet her we have information
of mechani snms of action. And we have al so been
t hi nki ng, wondering what scenario would be if we had
for instance a very high potency carci nogen and
sonet hing that may be acting by the sanme nechani sm but
wth a much | ower potency. There is really a need in
that regard to even include additivity if the
hi gh- potency carci nogen is several orders of magnitude
above that of the | ow potency carcinogen. Mre
specifically around read-across and QSAR. Again, |
will define these terns and talk about thema little
bit nore tonorrow. Let us start with QSARs. | am not

aware of an QSARs for m xtures with regard to these
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particul ar endpoints. Mxtures related to QSARs tend
to be on the whole the vast majority for acute
toxicity or acute lethality. Were we do see
occasionally additivity on a very occasionally
synergism In terns of read-across, again read-across
relies on adequate data. So, here would be adequate
data for two or nore nitrosam nes that we could
extrapol ate across to a set of simlar conpounds. W
wll talk about this tomorrow. It is possible. It
has been done. There is sone work on read-across for
m xtures, particularly within the UVCB area, but is
really assum ng that we can assure ourselves of the
simlarity of our structures. So, we are again
getting back to this argunent of structural activity,
and we know we have sone know edge in that area.

Wth regard to the question, one area
where we can use SAR and QSAR -- we have just been
having this discussion of course -- is to predict
whet her a conmpound may be nutagenic or nmay be a
nonnut ageni ¢ carci nogen. So, we nmay be able to take
if we have two or a small nunber of nitrosam nes in

the sanple, we nay be able to use particul ar nodeling
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approaches or read-across to enable sonme kind of
assessnment to be nmade to at | east see whether or not
they fit into those categories that are on the screen
t here.

The other thing I would like to
hi ghlight is the possibility of using sone of the
techni ques that are currently applied in terns of
comut ative risk assessnent, particularly commutative
assessnent groups. And the European Food Safety
Aut hority, EFSA, has done a lot of work in this area.
And their work is on residues from pesticides. So,
not nitrosam nes but in some ways anal ogous to what we
are tal king about here. So, | think there could be
sone |learnings fromthat, and they have a full-stage
met hodol ogy based around identification,
characteri zation, collecting the data, and groupi ng.
And if you | ook at their approach, in part of their
approach, they are saying at the |lowest |evel where
you have the | east certainty, you can assune we are
| ooki ng at sonme kind of structural simlarity or
groupi ng basis, but we may not know for instance,

mechani sms of action or simlar through up to the
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hi ghest | evel where we can assure simlarity in

mechani snms of action. So, as with many of the

argunments in this workshop that | will put forward, it

cones out to structured activity relationshi ps and

al so being clever about what we are doing and | earning

and al so building up bodies of evidence. And also

t hi nki ng about how we can extrapol ate what we are

tal king about in earlier questions about structural

activity and show ng that we are using the sane

i nformati on and the sane groupings, not only for

single chem cals for applying for single chem cals,

but can we use that to apply up to groups of chem cals

that may be present in the sanme sanple. Thank you.
DR. ATRAKCHI : Thank you. Dr. Bucher.
DR. BUCHER: Yes. So, ny answering

this question really relies on the experience that we

have generated over the course of many years | ooking

at conbi nati ons of chem cals in toxicol ogy studies,

and it has really been our experience that

I rrespective of the nechanisns in general for these

chem cals, additive nodels nore than adequately

predi ct outconmes in the vast majority of cases. In

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 141

particul ar when you are dealing with chem cals of
simlar nmechanismas you would think in nitrosam nes
and also certainly at the |levels of nitrosam nes that
woul d be appearing individually in any of these drugs
at an acceptable intake level, so | do not think it
matters really to ny mnd. Wen we do chem ca
m xture studies, it does not matter whether they are
mut ageni ¢ or not nutagenic, if there is a carcinogenic
potency associated with a particular chem cal, those
woul d be the nunbers to use for the acceptabl e intake
|l evel, and in ny mnd, it is -- so in ny mnd, in our
experience, until you get to significant exposure
| evel s of chem cals, you very rarely will run into
anyt hing that | ooks like either synergismor
antagonism So, | think additive nodels are probably
nore than adequate for the cases of nitrosam nes that
you are going to be dealing wth.

DR. ATRAKCHI: Thank you. Dr.
Gut t enpl an.

DR. GUTTENPLAN: Yeah, | basically
agree with the previous comments. The inportant

factor here is that we are dealing with subthreshold
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| evel s with respect to DNA repair. As Dr. Kyrtopoul os
mentioned, even for the saturable enzyne, which is not
really an enzynme but a protein 06-nethyl guani ne
transferase, we are apparently well below the
threshold in al nost any organ of the body, and the
|l evels in drugs is so |low that we are probably not
goi ng to approach the threshold. | wll say though
that different nitrosam nes are going to be repaired
by different enzynme systens. Mdst of them can be
repai red by the 06-nmet hyl guani ne transferase system
but as you get to | arger adducts, particularly above
the ethyl group, then there are other base excision
repair and nucl eotide excision repair. And they are
all going to play a role, but in each case, if you are
subt hreshol d, then there is no reason to think that
you are not going to have an additive response for
each agent. So, | basically agree with what has been
said so far.

DR. ATRAKCHI : Dr. Adanson.

DR. ADAMSON: Cenerally, within the
sanme class of conpounds, the default position is

generally addition unless there is sone indication
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otherwise. But | would say -- you brought up additive
or synergistic, there is also the possibility of |ess
t han activated, particularly when conmpounds need to be
activated when you have bi nding and when you have DNA
repair. But | would say at the low |l evels that the
nitrosam nes are present in a drug product, probably
t hose do not factor in. You probably would not have
conpetition for activation. You probably would not
have conpetition for binding. You probably would not
have conpetition for DNA repair. So, with regards to
the small amounts that are present in drug products,
woul d say that you would probably, unless indicated
ot herwi se, you would have to do an additi ve.

DR. ATRAKCHI : Thank you. Dr. Hecht.

DR. HECHT: Yes. | agree. Considering
the low Il evels that we are going to be observing,
additivity is definitely the default assunption of the
nol ar anmounts that are present. So, | agree wth
everything that has been said about additivity.

DR. ATRAKCHI : Dr. Rice.

DR. RICE: | too agree that additivity

is the nost likely way to consider the issue of
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mul ti ple carcinogens. | would think though that there
is always the likelihood that if there is nore than
one nitrosamne in a product, it could well be one
about which next to nothing or absolutely nothing is
known. And | should not think that the regul atory
focus would be to be undertake a full-scale search of
chem cal structure to identify precisely what this
unknown nitroso conpound is. | should think given the
fact that it is fairly clear that dinethylnitrosam ne
or perhaps the nost potent of known carcinogens, that
an overall analysis of total nitroso conpounds present
I n an adduct could -- fromthe standpoint solely of

ot her health protection, you could treat them as
essentially an equivalent total dinethylnitrosanm ne.
Most of the tinme that will be an overestimte of the
potential hazard, but that is an error on the correct
side of caution. So, in sum | would just treat them
as additive, and in the case where there is a new
unknown or normally known agent in addition to one of
the better understood nitrosam nes or sonething added
to them as though they were equivalent in the known

publ i cations. Thank you.
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DR. ATRAKCHI : Thank you. Dr.
Kyrtopoul os.

DR. KYRTOPOULOS: Yes, | think Dr. Rice
made an excellent summary of the situation. And |
agree 100 percent with what is being said. Basically,
additivity and if necessary, taking the potency of the
nost powerful of the nitrosam nes, NDMA. | do not
have anything el se to add.

DR. ATRAKCHI: Thank you. Dr.

Ei senbr and.

DR. EI SENBRAND: (No response.)

DR. ATRAKCHI: We can nove to Dr.
Zei ger .

DR. El SENBRAND: So, | am back. Sorry.
| had a ot of problemwth it. WelIl, |I agree totally
with what has been said concerning additivity. |
think an additive nodification be applied here, and it
may be in a case where we have nitrosamnes with
vastly efferent biological activity, the npst potent
ones and nitrosam ne of m nor potency, then | would
think that the potent one, of course, would primarily

add and be the one that should be | ooked at and
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eval uated. Just to nention, there has been | think it
was in 1990 a publication fromthe German Cancer
Research Center, the first author | think if | recal
correctly -- I can send you this -- is Pergot [ph]
where they tested conbi ned application in rats of |
think it was diethylnitrosam ne or
di met hyl nitrosam ne, nitrosonorpholine, and
nitrosopyrrolidine, and what they found out in that
| i fel ong exposure study was clear additivity of the
effects. So, that is published already since many
year.

DR. ATRAKCHI: Thank you. Dr. Zeiger.

DR. ZEI GER: Ckay. | also agree that
additivity is the nost appropriate way to go for the
reasons expressed by all of the previous speakers.
Qbviously for the data just presented. Just one point
on the question. | would not separate out nutagenic
from weakly nut agenic carcinogens. | agree with the
comments on additivity. Thank you.

DR. ATRAKCHI : Thank you, Dr. Zeiger.
| would Iike to nake a comment here. Well, to sumup

this question is basically everybody seens to agree
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that if we have one nitrosam ne as a contam nant, as
an inpurity in the drug, will we have five? To be the
nost conservative approach is to use the amount of the
nost potent nitrosam ne and to apply for all the five,
even though there is one or nore of the others that
either there is no carcinogenicity data or the data is
very poor. And it seens like alnost -- well, actually
all of you agree with this assessnment that the risk
assessnment woul d be an additive in using the nost
conservative and npobst potent carcinogen, and
nitrosamne i s carcinogenic.

Going back a little bit for the whole
day that we have been discussing now, reaching to
Question 4, it would seemto ne that all of you have
I ndi cated the | arge anounts of endogenous formation,
and that is due either internally fornmed or
exogenously from foods that we are exposed to for
nitrosamnes. And the m niscule anount that we coul d
be exposed to fromdrugs. | assune you are not sayi ng
or indicating that we do not need to worry about the
smal | amounts of nitrosam nes in our drugs. |Is this

accurate? And certainly, that is not the case. | t
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does not seemthat is the case based on what we just
di scussed in Question 4 where we said if we have one
or nore nitrosam ne, we need to use the nost
conservative |limt of the nost potent carcinogen, and
use that one as the total for the five or six
nitrosamnes in a drug. However, it is not clear to
me that from what we have discussed all day that it is
t he endogenous formati on, the exposure from exogenous
I ntake conpared to the mnimal or the small anount

t hat has been contam nated in drugs should be an

I ssue. |Is this what you have indicated or not?

DR. EI SENBRAND: Maybe | comment first,
i f you all ow.

DR. ATRAKCHI: Absol utely.

DR. ElI SENBRAND: Well, you know, as |
pointed out in nmy |ecture, the data on exogenous
exposure first in nmy opinion are relatively outdated.
So, it is our suspicion, our interpretation of the
data with our approach that the amount that is being
taken in for contam nated drugs by conparison may be
very, very low. But we do not know really for sure.

That is nmy point. That is why | think we need to
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update first the database on exogenous, but even nore
so the database on endogenous formation of nitroso
conmpounds. We need really scientifically based
updates on these data because they will becone very

| nportant when it conmes to risk assessnent. And |
mean | just recall the |last one of the publications
about ranitidine | show where you have this
publication of 2,016 reporting about substanti al

I n-vivo formati on of nitrosodi net hyl am ne from
ranitidine. W need to look at that. This is a very
rel evant question in ny opinion still. By and |arge,
| agree with you that probably we finally can say that
normal ly the contam nation with preformed nitroso
contam nants of drugs is relatively negligible in
conparison to the exogenous exposure for food and even
nore so to the endogenous exposure. But we need to
have safe data on that. That is my opinion.

DR. ATRAKCHI: | understand that there
are recent studies that came out of the Center for
Foods where they indicate the ambunts in foods are
fairly low. The amount of nitrosam nes in foods over

the past 20 years is extrenely low. So, we need to
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take that into consideration, and | think Dr. Di Novi
can comrent on this.

DR. DINOVI: Yeah. It is certainly
|l ess than 1 ncg a day, and that is true for all of the
studi es we | ooked at. One of ny coll eagues, Dr. Jolie
[ ph] just recently went through and did a review of
nitrosamnes in food, and that was the concl usion,
| ess than 1. Even at a high percentile of the
di stributions. The thing about what we are tal king
about here is precision in a risk assessnment is nuch
nore of an academ c than a regul atory concern. At
CDER, you need to make tinely resource-efficient
deci sions, and we really do not have the luxury to go
beyond some of these fal se assunptions.

DR. ATRAKCHI: And also in ternms for
drugs, the drugs they have a GW. They need to be
clean and not containing inpurities. So, it becones
an issue of quality. At the beginning, it is a
gquality issue. Then, it cones the safety issue. So,
that is inportant for us. W cannot allow any
I mpurity, whether regular inpurity or mutagenic

impurity to be above a certain level. That is why we
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have guidelines. That is why we have regularity
limts on such things, excipients and inpurities and
so on. But beyond that, the nitrosam nes as we all
know, they have been put in its own class as a cohort
of concern in N7. They need to be nmuch nore
restricted below a 0.5 ncg per day because of their
pot ency as mutageni c carcinogens. So, it just seens
to nme that whether it is this study, as you indicated,
Dr. Ei senbrand, the database needs to be updated.
There are sone new studies that did show there are
very little anounts of nitrosam nes in foods, and the
Intake is fairly low So, | amjust trying to make it
clear that none of you is saying that we do not need
to regulate or we do not need to worry too nuch about
the small amounts of nitrosamnes in drugs. | am
assum ng that is not what you are sayi ng here.

DR. RICE: My | make a comment on
t hat ?

DR. ATRAKCHI: Absol utely.

DR. RICE: | found in reading the
materials you supplied in preparation for this

wor kshop, both in the Gui dance docunment and the
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Eur opean Medi ci ne Agency, very brief nmention of
| aboratory findings that the amunt of
dimethylnitrosamne in ranitidine sanples tended to
i ncrease over tinme, and thus could not very well have
come fromcontam nants arising in the manufacturing
process. |If in fact you look at the structure of
ranitidine, which is | suppose fairly remarkable in
that within the nolecule there is both a dinethylam no
group and a potentially nitrosating nitroal kene
structure that dinmethylnitrosanine may be formng in
the finished drug product as a deconpensati on product
that tends to increase over tine. And | would very
much |ike to see that suggestion confirned or refuted
by further studies. If a nitrosam ne contam nant
anal yzed during deconposition of the active
phar macol ogi ¢ i ngredient, then that renders al npost
noot efforts to calculate just how much is derived
from what ever m ght have been there at the begi nning
of packagi ng or whenever a single sanpling was done.
Can you comment fromthe FDA standpoint on this issue?
DR. ATRAKCHI: Yes. | will let Dr.

Kei re perhaps can coment on this.
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DR. KEIRE: Yeah. Sure. | think the
drug has to be stable over its shelf |life and keep any
nitrosam nes that may be form ng over tine to a |evel
that is acceptable. And when we | ooked at ranitidine
sanples over time -- | amtal king about nonths -- that
we observed that the anount of NDMA did increase over
time, and they went above the viable intake limt that
had been set for the drug. O course, this was part
of the information that was used to nake a deci sion
about requesting market renoval of the drug. So, that
I's one aspect of it. But |I would also nention that
there is a recent publication fromthe group that
showed that this was very formul ati on-specific. So,

I f you have particul ar pol ynorphic fornms, anorphous
versus crystalline forns of the drug, you would get
nore degradant in one formover another. So, it is
possi bl e, and we al so observed this in other, from
product to product, the anmount that you would see that
woul d form over tinme would be very different. Sone
products remain below this 96 nanogramlimt for |ong
periods of time. So, there is a potential that there

are sonme formul ations that could stabilize this drug
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such that the anount of NDVMA woul d not form
excessively. And | guess the other thing I would Iike
to comment on is the very valid point brought up by
Dr. Ei senbrand about, you know, these studies that are
about endogenous formation of NDVMA in the G tract,
and | guess where the supposition is that this is
happeni ng, and the FDA is al so concerned about that.
And whether there is a clinical trial that has been
perfornmed to |l ook into exactly that point. That has
not been conpleted yet, but certainly we are very

i nterested in checking the results. Like you said,
what we really be careful about what we base our

deci sions on. W need to have very good data and know
what has been discussed. The scientific literature in
this area is fraught with exanples of neasurenents
gone awy for whatever reason. So, we have to take a
| ot of care to neasure things down here in the parts
per mllion and parts per billion range, and certainly
the sanple preparation is key. You do not want to

I ntroduce any artifacts in the neasurenent process
itself. So, | will stop there. Thank you.

DR. ATRAKCHI: Thank you, Dr. Keire.
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Anyone el se who would |ike to comment?

DR. ADAMSON: | generally what you say
was correct, but | also agree that we do need sone
up-to-date data with increased neasurenents to see
what endogenous formation of the nitrosamnes is. And
| would also like to bring up | renmenber reading
several years ago a study | think it was by Shubik
where he gave -- | believe the conpound was
pi percycline, but | am not positive of that. But | am
probably 90 percent sure. It was forrmulated with
ascorbic acid N. And therefore nitrosam ne was not
formed. But if you checked it out w thout ascorbic
acid being present, you would be formng in the sane
| aneu [ph] as in the stomach that could be formng a
nitrosamne. So, | think there is sonething positive
to consider fornulations of sonme of these drugs wth
an antioxidant, like the vitamn E or ascorbic acid or
sonething else. And | think also with regards to the
comment that came up with regards to the final
formulation of a drug, it mght be interesting to
check out the final formul ation, which does or does

not contain an antioxidant to make sure that the drug
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does not break down to nitrosam ne. Thank you.

DR. EI SENBRAND: Could | conmment as
wel | ?

DR. ATRAKCHI: Yes, please.

DR. EI SENBRAND: It is very right what
has been said. This conmpound, ranitidine, rem nds ne
very nmuch of am nopyrine, the conpound | showed in ny
talk where we literally found that this always just
presents a snapshot of dinmethylnitrosam ne
contam nati on because you could not predict it because
any time you neasure it again, it turned out to be
hi gher. And Dr. Keire has already alluded to the
probl em of these highly reactive materials of avoiding
artifact formation during analysis. This is not
trivial. This is a real problem because one has
really to try everything to show that there is no
artificial formation. But by and | arge, these
conpounds with these structures |ike am nopyrine or
think also ranitidine are really very easily reactant.
And that is why | think this potential of in-vivo
formati on needs to be really considered thoroughly.

And in a sense putting antioxidants or ascorbic acid
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into the fornulation may be a very good possibility.
But with am nopyrine, we neasure this also using
ascorbic acid to inhibit dinmethylnitrosam ne
formation. And it turned out that the

phar macoki netics are quite different. For instance,
am nopyrine was recircul ated for the gut salivary

gl ands, reflecting just blood |evels, plasnma |evels.
And ascorbic acid was after the first passage, it was
j ust done. So, the protective action of vitamn C was
just for the first passage through the
gastrointestinal tract, not for the delayed one when
the drug was recirculated. Mybe it is different with
cinmetidi ne but maybe not. So, that was nmy comment.

DR. ATRAKCHI: Thank you. Any ot her
conment s?

DR. KEIRE: Yeah. | nean | guess that
each of these drugs is different, and so there is
going to be sone case-by-case analysis of the
reactivity of these things and the conditions needed
to get conversion of any particular drug. So, there
I's nitrosation chem stry. There is a |ot of

literature about it that is quite conplicated, and the
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conditions have to be right to get certain reactions
to go. And so, | think that is another consideration.
But in basic chemstry, there is not the potential for
particul arly biologic enzymatic processes that m ght

| ead to formation of nitrosam ne

DR. ATRAKCHI: There is a question from
the attendees. | will read it. N trosam ne exposure
| evel from foods including water relative to |V drugs,
where |V drugs are not subject to digestion and
absorption. Wuld anyone |like to conment on this?

DR. EI SENBRAND: Well, ny comment would
be that needs to be studied case-by-case. |f you give
a drug IV and it is just distributed systemcally, it
m ght very well end by being recirculated |i ke many
drugs where you can even neasure blood levels in
saliva. So, it really -- at first it will go through
the gastrointestinal tract. The second point is that
nitrosation my very well occur el sewhere in the body.
As soon as inflammtion or infections, it is always
t hen connected to the generation of nitrogen nonoxi de
and NOx. And then you have the nitrosating there.

So, irrespective of the way of ingestion.
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DR. ATRAKCHI: Thank you. Any ot her
coments on Question 4 fromthe panelists?

| would like to go back to the
bi omarkers. We have tal ked a | ot about DNA adducts
and ot her biomarkers that could be used to determ ne
ri sk assessnent. Can we el aborate on this a little
bit nmore? Can we have nore di scussion on what do you
t hi nk about all of biomarkers that you have di scussed,
we have di scussed today, that could be nore
appropriate for nitrosam nes?

DR. HECHT: | think DNA adducts woul d
be good to look at. | think that we have the
technol ogy now to reliably quantify DNA adducts by
hi gh-resol uti on mass spectronetry, and we al so have
t he know edge based on years of study about artifact
formation. So, | think with regard to the question of
endogenous formation, which is critical here because
there are really high levels in endogenous formation,
maybe we do not have to be that concerned about the
| ow | evel s that are present in drugs. And | think we
coul d envision experinents simlar to what was done

with nitrosoproline 25 years ago by looking at its
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| evel s in urine when you gave people proline and
nitrite. You can now envision studies where you can

| ook at DNA adduct formation from conpounds I|ike

di met hyl nitrosam ne by giving the precursors

di met hyl am ne perhaps | abel ed and then determ ning the
| evel of DNA out of formation using the labels to
trace it. So, there are ways that you could really
address this question. Dr. Eisenbrand nentioned still
a critical question with respect to the overall
exposure to nitroso comnpounds.

DR. ATRAKCHI: Is it fair to say that
we really understand the nmechani sm or action of
nitrosamnes at this tine? Do we really knowit is
only 06? 1Is it conbination of 06 and N7 nmethyl ation
when we say we can use the biomarkers | et us say for
the 06 nethylation, would we be confident that this
woul d addr ess?

DR. HECHT: Well, | think we are
confident that DNA damage is critical. | think we are
pretty confident about that. W are reasonable
confident that 06 methylguanine is inportant in the

case of dimethylnitrosam ne. And there is plenty of
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data on that. But | you were going to | ook at DNA
adducts, you would not have to restrict your analysis
to 06 net hyl guani ne.

DR. ATRAKCHI: Very good thank you.

DR. KYRTOPOULOS: May | add sonet hi ng?

DR. ATRAKCHI: OF course.

DR. KYRTOPOULOS: Certainly,
06- net hyl guanine is inmportant, and there is a | ot of
experinmental evidence fromcertain animals, directly
nodi fi ed ani mals, which clearly denonstrated
carci nogenesis by nethylating agents. However, just
because it is the best studied nodel, we should not
say that it is a general nodel. Not all nitrosam nes
met hylate. In fact, | think that for many of them I
personally do not know which is the nost inportant
ki nd of DNA damage that they cause. So, DNA adducts
in general -- first of all, | agree absolutely what
was said before by Dr. Hecht regarding the need to
apply nodern, powerfully sensitive nethodol ogi es,
clinically specific nethodol ogies to the anal ysis.
And certainly there is a potential today to go down to

very high sensitivities. So, measuring DNA adducts is

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 162

a good way to have bi omarkers of exposure, but if we
want to go a step further in a nechanistic sense

I nvol ving bi omarkers of risk if you like, like

06- net hyl guani ne is both a bionmarker of exposure but
al so a bi omarker of risk. W have to know nuch nore
about how the nechani sm of carci nogenesis by many of
the nitrosam nes, which I do not think we do. Even
for the sinple ones. Diethylnitrosam ne. Secondly,

06- net hyl guanine is inportant. But 04-artathiam ne

[ ph] probably plays a role in sone cases. |In fact, if
know the correct name -- it is a long tine since |
read this literature. | think 04-1ithothiam ne [ph]

was accunul ated. So, it could be that there are

di fferent adducts playing an inportant role in
carcinogenesis by different nitrosam nes. From what |
am aware, we do not really know which are the key
adducts. So, we cannot really say today that we know
enough to develop risk biomarkers. DNA adducts is not
exposure, quantitative exposure, or even just to
verify that there is exposure. It is certainly

I nportant, and it is achievable today. That's all.

DR. ATRAKCHI: Thank you. So, you're
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sayi ng that essentially, we should not limt ourselves
to only the 06-nethylation, although for NDVA and for
the nitrosam nes that are well studied, we know that.
We know that very well. A lot of studies have been
done and shown that, but we should not be |imted to
only the 06 as our biomarker for exposure.

DR. KYRTOPOULOS: Yes, | think so. |
mean the fact that NDMA is a problemin the context
that we are discussing, the drugs. And it is a very
power ful carcinogen. So, 06-nethylguanine is
certainly relevant to our efforts to evaluate the
problemthat this NDMA contam nation poses, but | dare
say, | would not generalize the inportance of
06- net hyl guani ne.

DR. ATRAKCHI: Thank you. | would Iike
to ask my coll eagues from FDA if they have any
coments or if they have received any questions from

the FNDs because | do not see any at this tine.

DR. KEIRE: | guess | just have one
comment. | think that there is a |ot of DNA around,
right? |f you have a neal of fish -- | was just

reading this -- there can be up to like 40 ng of DNA
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in a neal. And certainly if there are conditions that
are conducive to a nitrosamne formation, there is a
substrate there pretty nuch all the tinme for it to
happen. So, | guess it goes back to that conversation
about what potential endogenous sources. And if the
conditions are appropriate for formation of a | ot NDVA
fromdi met hyl am ne, which is a nuch sinpler substrate
than many of these drugs. Just a comment.

DR. ATRAKCHI: Thank you.

DR. GUTTENPLAN: | have a comrent. In
the publication with ranitidine, they nonitored
di methylnitrosamne in the urine, but they also
nonitored total nitrosam nes. So, is urinary analysis
a possibility because this could be done in humans, in
human vol unteers who are taking the drugs anyhow.

Just a questi on.

DR. KEIRE: Yeah, that is exactly
right. The FDA actually conducted a small trial, and
the results are now pending. So, hopefully, we wll
have new data on it to share on that soon on exactly
t hat question.

DR. KYRTOPOULOS: My | add a question
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to this? One thing that puzzles nme about the paper is
the following. |[|'ve seen few data on the |evels of
di met hyl nitrosam ne that have been found in drugs.
The first analysis on ranitidine, the amount of NDVA
t hat were found were enornmous. | think it was 2 or 3
ng per tablet. |Is that a real finding, or was it
maybe an artifact because subsequent nunbers were nuch
| ower. Because if that was the real |evel that
present in the tablets that were taken by the
vol unteers who had these high levels in their urine,
It mght even be that they were actually taking it --
DR. KEI RE: Right. So those
measurenments were done by using a technique called
headspace UCMF that using high tenperature to
vul cani ze the sanple for analysis. And ranitidine is
tenperature sensitive. | will form NDVMA. So, those
original reports of 3 ng quantities fromranitidine
are not effective measurenents, and we were speaking
to that point earlier that you really have to be
carefully how make your measurenents on. Sonetines
t hese conpounds -- you know, and actually that was an

FDA met hod that they used that was devel oped for
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val sartan. So, it was devel oped for a different
drugs, which was not heat |abile, and they applied it
to ranitidine and unfortunately, that led to this
artifactual finding. So, what the FDA reports on its
website are much | ower nunbers, still unacceptable
nunmbers, but in ternms of limts that are set right
now, but much, rnuch, much | ower than was in those
original reports.

DR. GUTTENPLAN:. | believe they
publ i shed the correction. The group that published
the ranitidine they published a correction taking into
account the head-space formation, and it was very
mnor. |t was not a mmjor artifact.

DR. KEI RE: So, |I'mtalking
about -- there are two different things. So, there
was a report by this private |lab that reported these
3 ng amobunts being fornmed. But you are correct in the
Zang and Mtch [ph], they did work to see what
percentage of the total fromthe neasurenents they
did. It was only 5 percent forned of these |arge
ampunts that they were seeing was formed fromthe

headspace. You have seen this nmethod in their
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application of it. But in the other application that
was reported were these really very high anounts
reported. That was just because of the headspace

met hod used. So, two different things were being

di scussed.

DR. GUTTENPLAN: Okay. That's clear.
Yeah.

DR. ATRAKCHI: Thank you. | cannot
follow the questions on the side. They are noving on
me very fast. But | would |ike to ask one question
goi ng back to Question 2 on the classification, and
then maybe I will ask ny coll eagues to read sone of
t hose questions on the side. They disappear quickly
fromthe chatroom

In terms of the classification, EVMA had
cone up with one value, one class, a specific nunber,
which is 18 nanograns per day. Wuld that be
sonet hing that you treat all the nitrosam nes as
i mpurities with one nunber, and that is | ower than the
nost potent nitrosam ne, NDEA, which we have |isted as
an acceptable intake of 26.5. |Is that sonething that

you woul d consider? Anyone on the panel ?
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DR. ElI SENBRAND: May 17

DR. ATRAKCHI: Yes, please.

DR. ElI SENBRAND: Actually, | wouldn't
really think there is a big difference between 18 and
26. In terns of biological efficacy, it is the sane
bal | park nore or less. So, these default val ues of
extrapol ati on of potential acceptable nutates in ny
opi ni on are hel pful and could be used as a primary
measure to protect actually the consuners, but in fact
we need scientific confirmation of this. And this, |
think I come always back to the proposal that one
should really | ook into what happens outside in the
real world, which, in ny opinion, is just what we need
necessarily to take up with foods. And admttedly as
we di scussed before, this is low. It is below 1l ncg a
day, internationally even. But by conparison to the
exposure to the potential exposure for contam nated
drugs, it is still higher, rmuch higher in nost cases.
| do not know of all of the cases, because this is a
problem that rapidly develops. Many things | just do
not know. | am not aware of. But as a pragmatic

proposal, | think this is definitely in ny opinion a
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rationale to go on and pursue what is happening
outside the drug situation to conpare with. It is
nore or less the levels of nutritional uptake of at
least -- it is below 0.3 ncg per day. There is at
| east a good orientation.

DR. ATRAKCHI: Thank you. Any ot her
comrent on this?

DR. CRONIN. Yes, maybe if can just add
a thought. | certainly agree it is a starting place.
And we have heard the argunents for that. Cearly,
you may | ook for evidence and go to a higher level if
such evidence exists. | amcertainly aware of sone
work from Kevin Cross who recently presented sone
i nformation that suggested that you can use SAR and
read-across. We will talk nore about this tonorrow.
In some circunstances, we can do read-across and
denonstrate the very high probability that you could
go to a higher level. So, that is how | would view
it, that if you had no other data or information, then
you woul d start there. Then start to build your lines
of evidence. And certainly starting with SARs and

| ooking for simlar structures in simlarity in terns
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of mechani sms and seei ng whether you coul d read-across
and whether there was roomto increase that in terns
of safety. Thank you.

DR. ADAMSON: | would like to bring up
one factor that has just been touched on, and that is
are there sensitive popul ations. For exanpl e,
ranitidine was in a syrup that was used primarily for
children and infants. Are there other exanples where
there is potential nitrosam nes in such nedicines that
woul d be given to newborns because | think they should
be nore classified as perhaps nore prone to devel op
adverse effects than adults.

DR. ATRAKCHI: Are you suggesting that
one nunmber -- let us say it is the 18 nanogram per day
woul d need -- nmaybe we woul d need to apply safety
factors for the nore sensitive popul ati on because t hat
Is certainly not in ICH M/ because | CH M/ consi ders
that the values in the assessnent is fairly
conservative, that there is no need to add safety
factors for pregnant woman or children or any other
sensitive popul ation.

DR. ADAMSON: | am not phrasing the
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issue. | think it needs to be | ooked out.

DR. ATRAKCHI: COkay. Thank you.

| will read this coment or question.
| think that the discussion of the Ares test appeared
sonmewhat contradictory. Could we get sone clarify
fromDr. Zeiger's statenent that the comon LACD
protocol was insufficient and that it needed adapti ng,
e.g., additional S9 systens, or was the overall
concl usion that even a nodified assay woul d be
i nsufficient.

DR. ZEIGER: | did not nmean to inply
that there were problens with the OECD protocol. But
t he OECD protocol, you know, allows for a variety of
options. For exanple, | have seen nmany |abs that do
the Ames test with 5 percent S9 as an exanple. This
Is acceptable within the OECD protocol. Yet sonething
| i ke di methyl- and di ethylnitrosam ne need nuch hi gher
| evel s of S9 in order to respond to the assay. This
is what | nmean. FDA OECD protocol limts the strains
that are used for testing. There are other strains
that will be positive, whereas these strains mght be

negative. The OECD assay protocol enphasizes the rat
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S9. | think there is nore than enough data to show
t hat other S9s, other rodent S9s, are nore suitable
for nitrosam nes than rat S9. So, if | got a negative
for a very weak response with rat S9, | woul d
i mmedi ately go to the nouse S9, which m ght be nuch

better or hanster S9. O a higher concentration of

S9. These would still be allowed within the OECD
protocol, but nost |aboratories will not do this in
general. | would not do it if | was |ooking at

pol ycyclic aromati c hydrocarbon, but I would do it if
| was | ooking at a nitrosam ne that cane up equivocal
or negative.

DR. ATRAKCHI: Thank you. | agree.
There is a great deal of literature out there to show
that the rat S9 may not be sensitive to the
nitrosam nes, and sonme nodification in the test system
in the Ames needs to be conducted in order to provide
the nore appropriate response.

The ot her comrent or question. | do
not think the panel answered this part of the Ames
di scussion. |If an Ames assay i s not considered

concl usive, then why would not the panel recomrend
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going directly to an in-vivo assay directly? Anyone
woul d |ike to answer this

DR. GUTTENPLAN: Yeah, because it would
be too resource consumng. It is a lot nore work and
probably orders of magnitude nore expensive. So, if
you can already find a positive in the Anres assay, Yyou
do not have to go ahead to he in-vivo assays.

DR. ATRAKCHI : You are correct.

DR. ZEI GER: Based on the avail able
data, a negative in-vivo assay does not counteract the
positive Anmes assay. They have many chem cal s ot her
than nitrosam nes that are strongly positive in Anes
tests but negative in in-vivo, but gets still negative
I n carcinogenicity. Well, it is still positive, | am
sorry, in carcinogenicity. So, if you have a positive
Ames test, no other test really negates the
I nplications for carcinogenicity of that positive Anes
test, no other gene tox test that we know of.

DR. ATRAKCHI: Very good. Thank you.

VWhat are the possible reasons a
negative Anes test when it is positive in the in-vivo?

DR. ZEIGER: Well, the Anes test does
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not detect every type of DNA interaction, every type
of DNA damage. The Ames test will not detect DNA
del etions, which mght still allow survival of the
cells. But the in-vivo tests |ook at different
endpoi nts, the sanme endpoint but different target

sites and have different sensitivities. So, sonething

| i ke the new Pig-a test -- that is a gene nutation
measurenment in blood cells -- will detect del etions,
whereas as an Anes test will not detect del etions.

The Anes test does not detect all possible DNA
damages.

DR. ATRAKCHI: Thank you.

DR. GUTTENPLAN: There are conpounds
that are just not netabolizing well enough in the Anmes
test but are netabolized nore efficiently in-vivo, so
you will get a positive result in-vivo. | think
sonet hing |i ke diethanolamne wll probably not be
positive in the Anes test, but I wll bet under the
right conditions, it will be carcinogenic and
mut ageni ¢ i n-vivo because there is nore netabolic
capacity. Many, many years ago people were doing

host - nedi at ed assays, and there were conpounds t hat
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were negative in Anmes test but were positive in the
host - nedi at ed assay. The reason was in the
host - medi at ed assay where you injected the bacteria
into the tail vein of the aninmal and then recovered
t he bacteria, you had the whole Iiver metabolizing the
carcinogen. So, that is another reason why the Anes
test does not always detect a potential nutagen is
there just is not sufficient netabolic capacity.

DR. ZEIGER: Yeah. | would like to
support that point. In the Ames test, we are just
| ooking at the metabolic capability of a liver
homogenat e suppl enented with NADPH, whereas as was
just said, in the animal you have the intact |iver and
ot her organs doing the nmetabolism Though, | would
wal k back the statenment on the host-nedi ated assay.
That is the assay that got nme involved in this deal.
Then, ny Ph.D. dissertation was on the host-nedi at ed
assay in nitrosamnes. |In theory, it is a very
sensitive test. In practice, it is a very insensitive
test because it is measuring nutation in bacteria in
the peritoneal cavity of the animal, which neans for

sonet hing DWMN or diethylnitrosam ne, the active
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nmet abolite actually had to get into the peritoneal
cavity to deal with the bacteria, so you are working
wth a very low | evel of active product, and very few
chem cals were nutagenic in the host-nedi ated assay,
except for sone of the cyclic nitrosam nes.

DR. EI SENBRAND: My | just commrent for
second on the data because it was just nentioned by
Dr. Guttenplan. |In diethylnitrosamne is a medi um
pot ency carcinogen, by far not as potent as NDEA for
i nstance. And we have investigated the nutagenicity
response to the Anes test. First of all, it was not
really active, but it becane active when it was
activated with al cohol dehydrogenase. And this was
publ i shed years ago. But later on, they also found
that is activated by al pha-C hydroxylation. So, we
have both activation processes. One is the beta
oxi dation of the OH group or groups, and the other one
Is the still ongoi ng al pha-C hydroxyl ati on that
finally turns the conpound into a DNA al kyl ati ng agent
with a positive nutagenicity test.

DR. ATRAKCHI: Any ot her comment on

this?
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Okay. | would like to go back to the
use of TD50 versus the BNDL. Could we have nore
di scussi on on the pros and cons of each? It seens
| i ke the tendency was nore preferable for the BNDL

DR. BUCHER: This is John Bucher. |
can address that. So, the main difference is the BNDL
uses dose response information, whereas the TD50 uses
a point estimate to extrapolate to a particular risk
| evel. Anytinme you are dealing nore doses, you are
dealing with better precision as to a | ower dose
estimate of risk. But the problemis that the
cal cul ations require nmultiple dose groups, and for the
nitrosam nes, there are many nitrosamnes in the TD50
or the carcinogenic potency database that perhaps do
not have this kind of information, and certainly the
cal cul ati on for BNDL have not been perforned on the
original data. So, | do not think anybody is arguing
that the BND is |l ess preferable than the TD50, but it
Is just sort of a practical matter of what is
avai | abl e.

DR. ATRAKCHI : So, you would use either

one?
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DR. BUCHER: Preferably, | use the BND
if it is avail abl e.

DR. ATRAKCHI : Okay. Another other

coment ?
DR. ADAMSON: | agree with John on
this. If it is available, the TD50 is sort of a
default. But | you do not have a dose response.
DR. ElI SENBRAND: Yes. | woul d al so
| argely agree. | think the BNDL is preferable

wher ever applicable. Do not forget one could
read-across to make the argunent that a conpound t hat
has not the right data density still could be
evaluated in that sense if it is close to the
reference conpound in structure that may be in TD50.

DR. ATRAKCHI : Thank you.

A question from attendees. If sone
nitroso inmpurity is unavoidable and it cones negative
for nutagenicity in Amres, wll in-vivo assay need to
be conducted to follow up with an in-vivo Conet assay
or a Pig-A nutation assay or transgenic nutation
assay?

DR. ZEIGER: Well, my choice would be
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to followit up with the in-vivo Conet assay | ooking
at a nunber of different tissues and the Pig-A

mut ati on assay in-vivo. The in-vivo nutation assay is
extensive. It takes a lot of tine, and we have data
fromother chemcals that the tissues in which you see
mut ati on are not necessarily the tissues in which you
see tunmors. So, other than the liver, you may be
guessing at which tissues to sanple, whereas with the
Conet assay, you can sanple many tissues at mninma
additional cost. And it takes less tine.

DR. ATRAKCHI: Right. And certainly
wth the Anmes, we are addressing an endpoi nt of
mut ati on, and the in-vivo test would need to have a
simlar endpoint.

UNI DENTI FI ED PANELI ST: W have done
sone work on the Pig-A assay with nitrosonethyl- and
nitrosoethylurea and aromati c hydrocarbons. W have
not found it nore sensitive than the in-vivo
mut agenesi s assay. | guess it is |ess expensive
because you do not need transgenic animals. On the
ot her hand, with the in-vivo assay, a |ot of the

expense is the animals. They are very expensive, but
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once you have the animl, then you can sanpl e any
organ you want, and that is not nmuch nore expensive.
So, once you get around the cost of treating the
animals, then the assay is not that expensive, but it
is the animal part and treating the animals. But you
have that with any in-vivo assay that you have to
treat the animals, and you have ani mal costs.

DR. ATRAKCHI: Thank you.

Anot her question is, when extrapol ating
fromone nitrosam ne to another, should nol ecul ar
wei ght of the nitrosam ne be a factor? The default
limt of 18 nanograns per day or 26.5 nanograns per
day was derived for relatively | ow nol ecul ar wei ght
nitrosamne. Wuld higher limts be appropriate for
hi gher nol ecul ar wei ght nitrosam nes?

Woul d anyone fromthe panel like to
answer this?

DR. EI SENBRAND: | may just nention
drawing the attention to |l et us say asymetrically
substituted nmethyl |ong chain where you have quite a
spacing in nolecular weight. These conpounds are

subj ect to chain shortening nmetabolismfromthe end,

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 181

fromthe | ong end chain here, very simlar to the
fatty acid netabolism so they end up with a common
determ nant finally, which is a ketocarboxyl ate
derivate that nethylates again. So, | do not think it
I s probably a very good idea to use the nol ecul ar

wei ght information for evaluation in conparison to

di methyl nitrosam ne. W have a lot of different
nitrosam nes. Dinethyl, diethyl, nitrosonorpholine.
Different rates but simlar potency. And as | said,
with the Iong chain ones, you finally get to a very
short chain nmethylating analog. So, | do not think it
I s probably advi sabl e.

UNI DENTI FI ED PANELI ST: | do not know,
but you may want to on a nolar basis. | think that
woul d be a nore reasonable way to make the conpari son.

DR. ATRAKCHI: But it would appear that
nost of the nitrosam nes that have been detected are
of the | ow nol ecul ar wei ght nitrosam nes.

UNI DENTI FI ED PANELI ST: Yeah, that is
true.

DR. ATRAKCHI: Any other comments from

any of the panelists, fromny FDA coll eagues on any of
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the topics that we have discussed today to this point?
Any ot her questions fromthe FNDs that | may have
m ssed?

DR. KEIRE: | guess | just kind of have
what may be a napve question. M lack of famliarity
with this. | guess | have heard that the larger the
nitrosamne is, right. So, you have NMDA, snal
nol ecul es, but then when you get to say a drug
substance that may be nitrosylated, so larger, 500
nol ecul ar wei ght nmaybe because of the other steric
factors, that the larger nitrosam ne would be |ess
i kely to be nmutagenic or carcinogenic. |s that true?
Can you nmake that statenent?

DR. HECHT: | do not think so. | would
be very cautious about nmaking a statenent |ike that.
We can conpare for exanple dinmethylnitrosanm ne with
NMK wi th nmuch hi gher weight and al so nore
carcinogenic. | do not think we can make that kind of
generalization.

DR. KEIRE: Okay. Thank you.

DR. GUTTENPLAN: | agree with Steve

Hecht on that. Dinethylnitrosam nes are potent in the
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liver but dibutylnitrosamne is very potent in the
urinary bladder. And it is nuch |arger.

DR. ATRAKCHI : Well, | think maybe the
tendency for such a |arger nolecule |Iike what Dr.
Keire was discussing is that it may cone up to be
negative in an Anes test based on the probable steric
hi ndrance, or it is just going through the bacterial
cell wall and will not cause the nutation. So, right
there up front, the test would be negative for such
| arger nol ecul es. But your response is that you wll
not just because it is a large nolecule, it does not
mean it is not carcinogenic or nutagenic.

DR. HECHT: Correct. Just |ook at the
dat abase. | nean look at the literature. Look at the
papers that Gerhard cited. | nmean there are plenty of
relatively high nol ecular weight nitrosam nes that are
hi ghly active carcinogens.

DR. GUTTENPLAN:. And these m ght be
good exanpl es of conpounds that are not nutagenic in
the Ames but woul d be nmutagenic in in-vivo assays.

DR. ZEIGER: Well, so far as | know,

many of these |larger nol ecules are nutagenic in the

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Workshop March 29, 2021

Page 184

Ames test. | do not think you can make that
generalization.

DR. ATRAKCHI : Very good. Thank you.
Any ot her coments from anyone on the panel? Hearing
none, | think we are short of five mnutes to ending
the first day of the workshop. |If there is nothing
else, I would like to thank the panelists for your
val uabl e di scussions, and we will resune tonorrow for
the second and | ast day of this workshop with the
continuation of the questions. W wll get into the
chem stry and the manufacturing of nitrosanm nes, and
we wll start again at nine o' clock. Thank you very
much. Thanks for everybody.

(Wher eupon, the neeting concluded at

2:41 p.m)
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CERTI FI CATE OF NOTARY PUBLI C

I, RENE GRAY, the officer before whomthe
foregoi ng proceedi ngs were taken, do hereby certify
that the proceedi ngs were recorded by ne and
thereafter reduced to typewiting by a qualified
transcriptionist; that said digital audio recording of
sai d proceedings are a true and accurate record to the
best of my know edge, skills, and ability; that | am
nei t her counsel for, related to, nor enployed by any
of the parties to the action in which this was taken;
and, further, that | amnot a relative or enployee of
any counsel or attorney enployed by the parties

hereto, nor financially or otherwise interested in the
N2

| RENE GRAY

outcone of this action.

Notary Public in and for the

District of Colunbia
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CERTI FI CATE OF TRANSCRI BER

I, CYNTHI A GRACE PEACOCK, do hereby certify
that this transcript was prepared fromthe digital
audi o recording of the foregoing proceeding, that said
transcript is a true and accurate record of the
proceedings to the best of ny know edge, skills, and
ability; that I am neither counsel for, related to,
nor enployed by any of the parties to the action in
whi ch this was taken; and, further, that | amnot a
relative or enployee of any counsel or attorney
enpl oyed by the parties hereto, nor financially or

otherwise interested in the outcone of this action.

T E

CYNTHI A GRACE PEACOCK
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